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The statements and views presented in these proceedings are
those of the authors and of the workshop participants, and do not
necessarily represent the views or policies of the International Joint
Commission, Research Advisory Board and Pollution from Land Use
Activities Reference Group. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.
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In April 1972 the United States and Canada signed the Great Lakes
Water Quality Agreement. The responsibility for the implementation of this
Agreement was assigned to the International Joint Commission. The International
Joint Commission was established pursuant to the Boundary Waters Treaty of
1909. Its operating concept assumes that solutions to boundary waters problems
should be sought by joint deliberations of a permanent tribunal of three
Canadians and three Americans.
Under the terms of the Agreement a Research Advisory Board was
established to advise the International Joint Commission on a continuing
basis on matters relating to ongoing research and research needs related to
Great Lakes Water Quality. Another group, with a defined lifespan of five
years was also established — the International Reference Group on Great
Lakes Pollution from Land Use Activities (PLUARG). The PLUARG was charged
with answering the following questions:
(1) Are the boundary waters of the Great Lakes System
being polluted by land drainage (including ground and
surface runoff and sediments) from agriculture, forestry,
urban and industrial land development, recreational and
park land development, utility and transportation systems
and natural sources?
(2) If the answer to the foregoing question is in the
affirmative, to what extent, by what causes, and in what
localities is the pollution taking place?
(3) If the Commission should find that pollution of the
character just referred to is taking place, what remedial
measures would, in its judgement, be most practicable and
what would be the probable cost thereof?
The Commission is requested to consider the adequacy of existing
programs and control measures, and the need for improvements thereto,
relating to:
(a) inputs of nutrients, pest control products, sediments,
and other pollutants from the sources referred to above;
(b) land use;
(c) land fills, land dumping, and deep well disposal practices;
 
 (d) confined livestock feeding operations and other animal
husbandry operations; and
(e) pollution from other agricultural, forestry and land
use sources.
In carrying out its study the Commission should identify deficiencies
in technology and recommend actions for their correction.
The PLUARG, in its Study Plan of 1974 established a series of pilot
watershed studies and other special land use studies in the United States
and Canada to assess the impact of land use on water quality as related to
river loadings to the Great Lakes. It was recognized that a variety of
nutrients and contaminants are transported both by mineral and organic
sediment. A better understanding of sediment—associated nutrient and
contaminant transport in streams in time and space was needed to assess
their impact on the Great Lakes.
The PLUARG therefore referred this matter to the Research Advisory
Board as the IJC's principal advisor on Great Lakes research. An evaluation
was requested of the state—of—the-art of this topic together with recommendations
for further research. The Board in turn decided to sponsor this workshop to
synthesize current research and to identify research needs on nutrient and
contaminant transport by sediment within fluvial systems. Clarification was
sought on the interrelationships of source, in—channel storage, resuspension
and transport mechanisms with long—term, seasonal and single-event flows,
and including an examination of the interaction of sediment and water chemistry
on key nutrients and contaminants.
The Research Advisory Board anticipated positive recommendations
from this workshop not only in terms of research needed, but of how the
research that has been done can be put to use to solve Great Lakes water
quality problems. These recommendations moreover, would be sufficiently
succinct for clear-cut decisions by the Commission to advise appropriate
Governmental action.
It is intended that the recommendations in these proceedings will
have an immediate effect on PLUARG studies and a longer term influence on
the Great Lakes research community.
Dr. Harvey Shear
Dr. Andrew E. P. Watson
International Joint Commissn
Great Lakes Regional Office
100 Ouellette Avenue
WINDSOR, Ontario
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 For the City of Kitchener:
Mrs. Edith Muclntosh
Mayor of Kitchener
Good Morning. It is my pleasure to welcome you here today. I
bring greetings on behalf of Kitchener to all of you who are involved,
interested and concerned in this workshop on pollution from land use act-
ivities. I was looking over your program and I note that your purpose,and
I am quoting, "is to synthesize current research and to identify research
needs on nutrient and contaminant transport by sediment within fluvial
systems". Further, you will be "clarifying the interrelationships of source,
in-channel storage, resuspension and transport mechanisms with long term,
seasonal and single-event flows, including an examination of the interaction
of sediment and water chemistry on key nutrients and contaminants". I looked
at that and I wondered what it all meant. Well, to me it meant, that,
for instance, ten years ago at our cottage on the Bruce Penninsula, I could
walk down to the shoreline, dip a pail into the water and take a drink.
Today I can't do that. My hope is that with your expertise it will be
possible in the not too distant future to drink Georgian Bay water again.
I brought with me our latest report on the bacterial examination
of drinking water and as I mentioned, ten years ago we could drink the water.
Whenever we had it tested it came back A number 1. Today, it has a very
high coliform bacteria count. It is rather disturbing.
During my term as National President of the Consumer's Association
of Canada, the soap bubble conditions in the Great Lakes area was a major
issue. Canadian consumers fought for the ban on phosphorus in detergents in
cooperation with the International Joint Commission. I have been told that
this is still a problem. I understand that the Grand River watershed is
one of the three major Canadian watersheds selected for intensive study
under the PLUARG program. You, as invited experts, will be seeing first
hand I hope, the work being done in the Grand. You maybe wondering why I
was carting around these two huge volumes. Here are 700 pages of the very
latest information just tabled this week on what is being done in the Grand
River Basin.
Mr. Chairman, delegates, I would like to issue a very warm welcome
to all of you. I know you have come from different countries and from
across the province and from other provinces. I hope you have a very success—
ful workshop here and we are glad you chose Kitchener. Again, welcome to
everyone.
 For PLUARG
Dr. R. L. Thomas
Director
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For the Research Advisory Board
Dr. A. R. LeFeuvre
Director
Canada Centre fbr Inland Waters
Burlington, Ontario
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 Natural Sheet and Channel Erosion of Unconsolidated Source
Material (Geomorophic Control, Magnitude and Frequency of
Transfer Mechanisms)
D. E. walling
INTRODUCTION
This brief discussion of erosion processes and the origins,
sources and delivery characteristics of sediment within the fluvial system
aims to provide an introductory background to some of the questions assoc—
iated with a discussion of sediment—associated contaminants and nutrients.
It is concerned essentially with suspended sediment and more particularly
the wash load portion of total sediment load,l because fine grained sediment
is in general the most chemically active. Consideration of the topic can
be usefully structured under four headings: first, the general geomor—
phological context; secondly, the process mechanisms involved; thirdly, the
integration of these processes into the watershed and the spatial character—
istics of catchment response, and lastly, the resultant in terms of the
temporal pattern of sediment delivery from a watershed.
THE GENERAL GEONORPFDLOGICAL CONTEXT
The magnitude of sediment flux within the fluvial system must
reflect the general intensity of the denudation processes and in this
respect it is useful to briefly consider the global pattern. Over the past
twenty or more years, and particularly as a result of the impetus provided
by the International Hydrological Decade (1965—74), measurements of the
sediment yield of rivers in many parts of the world have become available.2
Analysis of this information can provide an insight into the range of
values exhibited at the world level and some indication of dominant con—
trolling factors. The classic work by Langbein and Schumm,3 based on
rivers in the United States, suggests that a global—scale relationship can
be established between annual precipitation and sediment yield and that the
form of the relationship can be accounted for in terms of the opposing
influences of vegetation cover and precipitation energy (Figure 1). Maximum
yields correspond to an optimum combination of these influences at a mean
annual precipitation of 300 mm. A similar pattern was found by Douglas“ in
an evaluation of the relationship between sediment yield and annual runoff
at the global level, although the inclusion of information from tropical
areas demonstrated a tendency for yields to increase again in areas of high
runoff (Figure 1). These curves are inevitably very generalised as they
take little or no account of relief, the environmental energy and other
physiographic factors. Attempts have also been made to define the controls
according to major vegetation types5 and to develop multivariate equations.
In so far as it is possible to apply these general curves, we
might expect sediment yields in the Great Lakes region to be relatively low
and to amount to approximately 100 tonnes/kmz.
This conforms to a
ll
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 recent Canadian survey7 which suggests that levels of 20—100 tonnes/kmZ are
characteristic of this area. The same survey provides an average value of
mean suspended sediment concentration of 50—200 mg/l. (Figure 2). A U.S.
Geological Survey compilatione depicts the area of the United States trib—
utary to the Great Lakes as exhibiting mean concentrations of less than
300 mg/l (Figure 2) which, for an annual runoff of 300 mm corresponds to
sediment yields of less than 90 tonnes/kmz. In the geomorphological context,
it can be inferred that the area under discussion is characterized by some—
what subdued erosion processes. Furthermore, it should be stressed that in
such an area it will not always be immediately obvious precisely what
processes are involved, and where the dominant sources of sediment are
located. Generalized figures on stream loads inevitably conceal consider-
able variations in sediment yield in both space and time and in order to
appreciate these more fully, the processes involved must be discussed.
EROSION PROCESSES
In considering the processes involved in sediment detachment and
entrainment, a useful distinction can be made between two major sediment
sources, namely, the land surface and the channel system. The first
reflects the action of rainsplash and surface runoff, often termed sheet
erosion, and includes the development of rills where surface flow becomes
concentrated. The second reflects the erosive power of concentrated channel
flow and includes streambank scour, streambed degradation, and floodplain
scour. Gully erosion is to some extent a link between the two in that it
could be viewed as a development of sheet and rill erosion or a headward
extension of channel erosion.
Much work on sheet erosion has been carried out by agricultural
engineers concerned with soil erosion and the influence of various cult—
ivation practices and conservation measures, and the erosion plot and
laboratory sprinkler have become well—used research tools. A distinction
can usefully be made between the four major contributing processes, namely,
splash detachment, splash transport, runoff detachment and runoff trans-
port. Many empirical and theoretical relationships have been developed for
total soil loss9 and for the component processes,10 based on rainfall and
flow properties, topography and soil character (Tables 1 and 2). Soil
erodibility has been related to various physical and chemical properties11
and factors such as the particle size characteristics, structure, permea—
bility, organic matter content, dispersion and cation exchange capacity
must be taken into account.
The Universal Soil Loss Equation12 (U.S.L.E.) developed by the
United States Department of Agriculture from over 10,000 plot years of
records has been widely applied in many environments and its form provides
a summary of the major controls on sheet erosion (Table 1). However, it
should be recognized that the equation was developed from data collected
from small plots and soil loss from a plot cannot necessarily be equated
with sediment yield from a drainage basin. If sheet erosion or soil loss
is to be estimated for individual events, rather than on a Seasonal basis,
detailed consideration of temporal variation in sediment availability both
during storms and between events is required.13 Erodibility measures
should then be thought of as dynamic rather than static indices and removal
13
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Some examples of equations describing the Sheet Erosion Process.
THE UNIVERSAL SOIL LOSS EQUATION (U.S.L.E.)
E : R.K.L.S.C.P.
DEVELOPMENTS OF THE U.S.L.E.
G:
A:
Where:
8t
x
B
A
E
s
C
s
S
D
L
5
p30
E
R
b
a(Q .qp)
K.L.S.C.P.
r
Soil transport
Slope length
Slope gradient
Soil 1055
Soil erodibility factor
Soil cover factor
Slope (per cent)
Slope length
2 year 30 minute rainfall
Soil loss
Rainfall factor
Q =
L
(aR + bCQ .q: ) K.L.S.C.P.
Kirkby (1969)
Musgrave (1947)
Wischmeier and Smith (1965)
Williams (1975)
Foster et al (1973)
K = Soil erodibility factor
L = Slope length factor
S = Slope steepness factor
C = Cropping factor
P = Conservation factor
G = Sediment yield
Q = Runoff volume
qp = Peak flow rate
A = Drainage area
A = Soil loss
a,b = Weighting parameters
coefficient
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 TABLE 2
Some examples of equations describing various components of the
Sheet Erosion Process.
RAINFALL DETACHMENT
D = S .A..12
r dr 1 2
1d = C.CosS(CosS.P - C1.d.P)
2
SS = f(KE. M .Vt )
RUNOFF DETACHMENT
( ;
Df — sir - A. S 0 Q
d K. U. y. S
L
3
)
TRANSPORT CAPACITY OF RAINFALL
T = S . S . I
r tr
1 = T .P .Tan S
t
TRANSPORT CAPACITY OF RUNOFF
S
= s3 , 4
Tf Stf ' Q
2/
T = f( X. y. S )i
C O
INTERRILL TRANSPORT CAPACITY
Tci = Csi (Si + Cso) 6' Li (C'I)
Where:
Dr = Soil detached by rainfall
Sdr — Soil effect factor
Ai = Area of increment
I = Rainfall intensity
Id = Soil detachment rate
C = Soil type parameter
S = Angle of slope
P = Rainfall intensity
C1 = Soil parameter
d = Particle size
SS = Soil splash
KE = Kinetic energy
M = Raindrop mass
Vt = Terminal velocity of raindrops
Df = Soil detached by runoff
Sdf = Soil effect constant
Q = Flow rate
Rd = Rate of soil detachment
l6
Meyer & Wischmeier (1969)
Fleming & Fahmy (1973)
Negev (1967)
Meyer & Wischmeier (1969)
Fleming & Fahmy (1973)
Meyer & Wischmeier (1969)
Fleming & Fahmy (1973)
Meyer & Wischmeier (1969)
Bennett (1974)
Foster & Meyer (1975)
K = Soil parameter
3 = Fluid specific gravity
y = Flow depth
Tr = Splash transport capacity
Str = Soil effect constant
It = Impact transport rate
T = Parameter
Tf = Runoff transport capacity
Stf = Soil effect constant
Tc = Flow transport capacity
S0 = Local bed slope
Tci = Interrill transport capam
C , = Soil transportability co-
51 efficient
Si = Interrill slope steepness
C = Transport capacity at zem
5° slope
d = Excess rainfall rate
L1 = Interrill slope length
c = constant
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where throughflow is concentrated and where significant hydraulic gradients
exist andthis mechanism is doubtless significant for sediment removal,
although little work has as yet been carried out on its relative importance.
In contrast to sheet erosion, much less attention, both in terms
of experimental measurement and theoretical analysis has been applied to
processes of channel erosion and many of the mechanisms are poorly under~
stood. Where channels are cut in non—cohesive materials, scour will occur
along a reach if the transport capacity of the flow is not satisfied and
equilibrium transport relationships and regime theory2° could be employed
to evaluate the extent of erosion. Several studies have focused on the
factors influencing the erosion resistance of cohesive materials and the
effect of moisture content21 but there is considerable scope for appli—
cation to the field situation. A pioneering field investigation by Wolman
in 1959,22 pointed to various mechanisms of bank erosion. He found severe
erosion in winter months when high flows attacked banks that were previously
wet and he noted significant erosion from combinations of cold periods, wet
banks, frost action and rises in stage, and that freeze—thaw action also
produced some erosion without a change of stage. Subsequent work has
pointed to the importance of pre—conditioning of the banks, particularly by
wetting, before significant erosion occurs23 and Carson gt al.z“ have
developed a model of bank sediment entrainment for the spring flood in the
Eaton Basin, Quebec. This is based on simulation of changes in bank erod—
ibility, with sediment entrainment decreasing with increased duration of
flow past a point and the rate of initial entrainment closely related to
the time elapsed since that point was last submerged.
Gully development is generally associated with an imbalance in
the fluvial system such as occurs with a severe climatic event, improper
land use or changes in base level. Their growth combines the action of
concentrated surface water, alternate freeze—thaw of exposed banks and
sides and sloughing due to undercutting and waterfall retreat. Several
empirical studies of factors influencing gully growth have been carried
out25 but in general the precise mechanics of gully development are poorly
understood.
THE WATERSHED RESPONSE TO EROSION PROCESSES
In order to understand the sediment yield of a drainage basin,
the processes outlined above must be integrated into the catchment and
17
 evaluated in terms of the overall drainage basin dynamics and hydrology.
Not all the sediment eroded from a watershed will be transported out of the
basin and the ratio of gross or total erosion (T) to sediment yield (Y) is
Y
generally referred to as the delivery ratio (D), i.e. D = T, which is
usually expressed as a percentage. The delivery ratio may vary from in
excess of 90% to approaching zero and in a relatively homogeneous catchment
it will tend to decrease with increasing basin area. Several workers have
established quantitative relationships between the ratio and drainage area
and other catchment characteristics, 6 and a generalized relationship
between delivery ratio and catchment area based on such work is presented
in Figure 3. Considerations of channel routing and in-channel and flood
plain deposition and storage are involved in this characteristic of sediment
delivery but little attention has been given to the precise process mech—
anisms involved.
The relative efficacy of the various erosion processes in con—
tributing to the sediment yield is also best evaluated at the basin level.
Sheet erosion has primarily been studied on plots of bare or poorly veg-
etated soil, often under intense artificial rainfall, and the question of
its importance under natural conditions in humid areas is closely related
to discussion of the extent to which overland flow is a significant process
in storm hydrograph production27 and the relative importance of throughflow
and surface runoff. Kirkby28 demonstrated that rainfall intensities rarely
exceed natural infiltration capacities in humid areas with good vegetation
cover and suggested that throughflow is an important mechanism in storm
hydrograph generation, with surface runoff only occurring from saturated
areas near the slope base. The concept of widespread overland flow, result—
ing from rainfall intensity exceeding infiltration capacity, popularized by
Horton29 belongs essentially to semi—arid areas.
Furthermore, the partial-area and variable source area models of
storm runoff production, which have gained wide acceptance in recent years,30
have very important implications for sediment source areas. If surface
runoff is generated from a small portion of the basin close to the channel
network, the area of the watershed significant for sediment yield will be
limited to this contributing area, (Figure 4). The stream network must
also be viewed as a dynamic element of the drainage basin and will in many
cases expand and contract in response to variations in catchment moisture
status and storm magnitude.31 Acceptance of the dynamic character of both
material erodibility and of the contributing area and drainage networks
within a catchment necessarily means that sediment entrainment is very
time—variant.
The question of the precise sources of the sediment transported
from a drainage basin is one that still requires detailed research. When a
good vegetation cover is present and in the absence of direct evidence of
overland flow, it is attractive to ascribe the dominant source to the
channel system. Work by Kirkby32 in an upland catchment in Scotland
suggested that 93% of the sediment came from erosion of river bluffs and the
study by Carson gt al.33 of the Eaton Basin in the Quebec Appalachians
concluded that the suspended sediment load originated primarily from scour
of the banks of the channel network. However, calculation of sediment
budgets can indicate that the rate of channel enlargement is totally in—
adequate to account for the volume of sediment represented by the sediment
yield and alternative sources must be sought. Study of the clay mineralogy
 Based on:
Roehl (1962)
Maner (1958)
Gottschalk and Brune (1950)
Maner and Barnes (1953)
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of sediments may provide information on source areas.a“ Techniques of
'chemical fingerprinting' may also help to provide an answer and it is
noteworthy that the increased attention recently being paid to the chemical
quality of sediment may indirectly provide valuable evidence as to sediment
sources.
Despite some debate as to precise processes and source areas
involved in sediment yield and their relation to storm runoff dynamics,
several studies have successfully related catchment sediment yields to
hydrometeorological variables, both on an annual and on a storm—period
basis,35 and to land use and other catchment characteristics.36 Soil loss
equations can also be adapted for catchment use if a routing algorithm is
introduced.37 Some researchers have, however, noted differences in the
pattern of response to hydrometeorological conditions according to catch-
ment size,38 with yields from plots and small catchments reflecting the
seasonal distribution of rainfall energy and those from large catchments
reflecting the runoff regime. Explanation of such contrasts must be
sought in considerations of sediment routing, delivery ratios, and the
partial—area concept. Following from the early work of Negev,39 progress
has also been made in the field of computer simulation of erosion and
sediment yields at the catchment level,”° although the dependence on
existing runoff models and the use of optimized parameters can call to
question the extent to which such models represent reality. Some attempts
have beenmade to develop more deterministic models for individual hill-
slopes and small catchments,"l but progress must be limited until our
knowledge of sediment processes and source areas improves and allows more
realistic conceptual models to be formulated.
TEMPORAL PATTERNS OF SEDIMENT kLIVERY
Temporal and spatial integration of the processes of erosion and
sediment yield within a drainage basin result in a complex pattern of
variation in sediment yield at the catchment outlet. A knowledge of the
magnitude and timing of sediment concentration and loads is essential if
the problems of sediment—associated contaminants and nutrients are to be
evaluated. Sediment discharge (S) / streamflow (Q) or sediment concen-
tration (C) / streamflow (Q) relationships or rating curves have been used
by many workers to characterize the general range of variation of sediment
transport rates and to demonstrate the tendency for increased concentrations
or loads to be associated with high flows. In general a relationship of
the form S or C = aQ can be established (Figure 5). The close dependence
of sediment concentration on discharge should not be viewed as indicative
of a transport capacity effect, because the wash load is essentially a non—
capacity load, but rather that the erosion processes causing sediment
entrainment generally operate most effectively during periods of high flow.
In most cases, considerable scatter about the simple rating relationship is
apparent and this can be related to seasonal and hysteretic effects, the
detailed timing of the concentration graph relative to the flow hydrograph,
and an exhaustion effect operating both during a single event and through a
series of events."2 An example from a British catchment of some of these
controls and in particular the exhaustion effect is presented in Figure 6.
Several researchers have suggested that the slope (b) and intercept (a)
values of a rating relationship can be used to infer source areas and the
general sediment dynamics of a catchment.“3
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 3) Delimitation of major source areas in order to evaluate the
spatially distributed nature of erosion processes.
4) Integration of source and budget studies with realistic
concepts of storm runoff production, particularly the partial—area
and variable source area concepts.
5) Detailed monitoring of individual storm runoff events in order
that the spatial and temporal integration of sediment dynamics can be
understood.
6) Development of physically-based models of erosion and sediment
yield as a long term objective.
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 DISCUSSION
Mr. T. Cahill: Dr. Walling, the application of partial area hydrology is
complicated in parts of the Great Lakes Basin, especially in Lake Erie by
the existence of extensive under-drainage systems in the agricultural
regions. Do you know, or have you had any exposure to any work investi—
gating partial area applications, or analysis in basins with heavy under—
drainage networks?
Dr. D. Walling: I think the short answer to this is no. The concept of
partial area and variable source area is rather complicated.
It is difficult
enough to get this working as a realistic deterministic model, let alone
building in underdrainage. The two are obviously very closely linked.
Dr. D. Baker: You used a figure showing three different storms with equal
runoff but greatly differing sediment yields associated with those storms.
I could not read the time base. To what extent might variations in source
areas and ground cover affect the sediment yields at the outlet of your
watershed, or is it washing out of accumulated sediments in the channel
itself? What is the source of the variations?
Dr. D. Walling: The storms were over about a three day period.
The water—
shed size is about 30 kmz.
The rainfall characteristics were essentially
similar for those three storms.
My own feeling is that one has got both
storage in the channel and on the land surface, and one has got these
important exhaustion effects. Once the first sediment is removed from the
land surface, you get back to the inherent erodibility of the soil and the
sediment production rates then drop quite markedly.
Dr. T. Dickinson:
You made a comment with regard to the bank erosion that
you called preconditioning.
I might say that initial conditions are important.
I suggest that in fact the initial conditions are important for any of the
erosion processes and perhaps that is what you are saying and you are also
saying source areas are important and the whole timing is important. I think
there has been a fair bit of experience in the modelling exercises that if
one can make a good guess at the initial conditions, soil conditions, moisture
conditions, cropping conditions, or whatever, one may be able to make a
reasonable estimate of what is going to come off, whether its the bank or the
field or whatever.
The major problem is making a good guess of how those
conditions vary. Would you agree with that?
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 Influence of Land Use on Erosion and Transfer Process
of Sediment
T. Dickinson and G. Wall
INTRODUCTION
The average sediment yield from the landscape and the condition of
stream channels tend to change with advancing forms of man's land use acti-
vities, as summarized in Table 1. Land uses which can cause severe erosion
and sediment problems (e.g. highway and urban construction, timber harvesting,
strip mining operations) have been identified; and land uses which tend to
stabilize the landscape (e.g. reforestation, permanent pastures, stabilized
urban settings) have been noted in the literature. Yet it remains difficult
to quantitatively estimate changes in erosion and/or sediment yield due to
land use changes — even in regions where sediment data are available, let
alone in areas where extrapolation is being attempted.
Although persons have observed and measured soil erosion and de—
position phenomena in nature and have ascribed general reasons for these
occurrences, the interplay of the forces, causes and the boundary conditions
pertaining to erosion and sediment movement are less obvious.
An investigation of the influence of land use on erosion and trans—
port processes (as indeed an investigation of the processes themselves) also
reveals that apparent land use effects are closely related to the scale of
the studies undertaken. The dominant forces and boundary conditions govern-
ing erosion and sediment transport vary with landscape scale (i.e. the
processes predominant on a plot are quite different from those determining
conditions on a large field). Although the matter of scale has been empirically
handled by simple extrapolation and by means of the delivery ratio approach,
the real influence of scale on the processes and on apparent land use effects
is not well understood.
In light of the present state of knowledge regardingerosion and
transport processes and the part scale has played in affecting statements on
land use effects, the following discussion is focused on approaches which
have been taken on different landscape scales - identifying items learned and
apparent gaps.
PLOTSCALE
Plot studies have been used extensively by agriculturalists and
hydrologists to study soil and water losses under a variety of climatic,
physiographic, land use, and soil management situations. Plots became the
unit of experimentation in these studies since they provided a quick and
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TABLE 1.
EFFECT OF LAND—USE SEQUENCE ON RELATIVE
SEDIMENT YIELD AND CHANNEL STABILITY
(after Guy, 1970 - a modification from Wolman, 1967)
LAND USE
SEDIMENT YIELD
CHANNEL STABILITY
 
A. Natural forest
or grassland
B. Heavily grazed
areas
C. Cropping
D. Retirement of land
from cropping
E. Urban construction
F. Stabilization
G. Stable urban
 
Low
Low to moderate
Moderate to heavy
Low to moderate
Very heavy
Moderate
Low to moderate
 
Relatively stable
with some bank
erosion
Somewhat less
stable than A
Some aggradation and
increased bank erosion
Increasing stability
Rapid aggradation and
some bank erosion
Degradation and severe
bank erosion
Relatively stable
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Although many of the sediment data have been carefully collected,
and there have been pressing needs to make good use of this information,
conclusions drawn from many of the monitored sediment load data regarding
land use effects should be given careful consideration. Problems in this
regard are noted below.
Sediment load monitoring has customarily been time— rather than
event—oriented (i.e. samples have been collected at regular time intervals
rather than focused on storm events). As a consequence, peak concentrations
and loads have not often been well defined. Since the loads occurring during
peak flow periods account for the bulk of the total sediment load transported
from a watershed (Dickinson, gt al., 1975) it is imperative that peak events
be adequately sampled.
Sediment samples taken during the year on a time-oriented base that
misses many of the major sediment events do not provide either useful estimates
of annual suspended loads or indices of such loads. Further, sample loads
collected during periods of low flow, and land use effects inferred from low
flow data, are not necessarily indicative of the annual suspendedsediment
load picture. This sampling problem poses a sufficient dilemma, that at the
present time there is a need to examine the relative importance of peak flow
events in order to design improved sampling schemes.
In the northeastern United States and eastern Canada, the stream
sediment load is controlled by source conditions rather than by downstream
flow conditions. It is very difficult to "look upstream" from downstream
data to identify important sources and land use effects without detailed
information on source erosion and transport areas.
(2) Watershed Models
Watershed models of sediment yield have incorporated concepts
whereby rainfall and runoff detach soil from field surfaces, transport it
overland to drainageways, and move it downstream. One group of models
applies the Universal Soil Loss Equation to land units (e.g. fields or groups
oof fields) and routes the eroded material to other land units and/or down-
stream by means of empirical delivery ratios or transport factors (Kling and
Olson, 1974; Frere, 1973). A second group couples erosion and sediment
delivery concepts to deterministic hydrologic models (Negev, 1967; Fleming,
1972; Simons gt 31., 1975). Although some of the hydraulics-based aspects of
these latter models are reasonably sophisticated, many of the concepts per-
taining to the erosion of material and its transport are as simplistic and
empirical as the delivery ratio approach.
There is no doubt that such models can be fitted to specific sets
of input and output data, as numerous examples now illustrate. However, as
the components and parameters are conceptual rather than physical in nature,
it is extremely risky to apply the models to input conditions outside the
range of conditions fitted — and to interpret model results in terms of
land use effects. Predicted effects are not more meaningful than the indi-
vidual and collective concepts included in the model.
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 Gaps in existing conceptual models include:
(1) lack of an adequate characterization of the dynamic development
of the drainage system in a basin;
(2) lack of identification of the relative importance and physical
significance of soil moisture storage concepts;
(3) lack of description of depositional processes in microdrainage
systems; and
(4) insufficient emphasis on the role of large storms (year—to—year
and storm-to—storm hydrologic differences often account for
larger variations in sediment yield than most other factors!)
SumARY NOTES
1.
Alth
ough
plot
stud
ies
have
cont
ribu
ted
info
rmat
ion
abou
t fa
ctor
s
influencing soil loss and runoff, the lack of statistical rigour
in the design of these studies makes it difficult to interpret
and/or use the results in a quantitative manner.
2.
Simp
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of p
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lts
to l
arge
r ar
eas
(oft
en i
mpli
ed
by the units used for reporting soil loss, i.e. tons/acre) is not
valid.
3. As plot data are of more qualitative than quantitative value, the
use of them as a base for quantitative deterministic models of land
use effects is questionable.
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land use effects.
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not resolved our lack of understanding of erosion and transport
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Neither the plot nor the watershed approaches have addressed the
problem of erosion sources or the problems of delivery and deposition
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DISCUSSION
Dr.
C.
Nor
din
:
I
hav
e
a
com
men
t
on
you
r
rem
ark
s
abo
ut
sed
ime
nt
mon
ito
rin
g.
Abo
ut
for
ty
yea
rs
ago
the
Fed
era
l A
gen
cie
s
in
the
Uni
ted
Sta
tes
set
up
the
in
te
ra
ge
nc
y
se
di
me
nt
at
io
n
gro
up
to
loo
k
at
sa
mp
li
ng
pr
ob
le
ms
and
to
st
an
da
rd
-
ize
the
me
th
od
ol
og
y
in
the
equ
ipm
ent
.
The
ge
ol
og
ic
al
sur
vey
was
qui
te
he
avi
ly
in
vol
ved
in
thi
s.
Pau
l
Ben
edi
ct,
and
Br
uce
Col
by
in
pa
rt
ic
ul
ar
did
ver
y
ext
en
si
ve
wo
rk
ba
ck
in
the
30'
s
and
40'
s.
At
tha
t
tim
e
the
y
rec
og-
ni
zed
tha
t
se
di
me
nt
sa
mp
li
ng
had
to
be
eve
nt—
bas
ed;
tha
t
mos
t
of
the
sed
ime
nt
cou
ld
be
car
rie
d
in
a
sin
gle
eve
nt
dur
in
g
the
yea
r
or
at
ver
y
ir
re
gul
ar
int
erv
als
.
The
y d
eve
lop
ed
equ
ipm
ent
to
sam
ple
thi
s a
nd
met
hod
olo
gie
s
tha
t
giv
e
you
a v
er
y
goo
d
sam
ple
.
No
w
pe
op
le
are
not
mo
ni
to
ri
ng
sed
ime
nt
pro
per
ly.
It
is
for
one
of
two
rea
son
s:
ei
th
er
the
y
don
't
kn
ow
wha
t
the
y
are
do
in
g
and
the
y
are
un
wi
ll
in
g
to
rea
d
the
lit
era
tur
e,
or
the
y
are
un
wi
ll
in
g
to
spe
nd
the
mo
ne
y
to
do
it
rig
ht.
But
the
se
thi
ngs
ha
ve
be
en
kn
own
for
fou
r
or
five decades.
Dr.
T.
DiC
kin
son
:
Wel
l,
I c
an
onl
y a
gre
e
wit
h y
ou
Car
l.
I t
hin
k
it
is
a
goo
d
poi
nt.
Som
e
of
the
se
thi
ngs
ha
ve
be
en
kn
own
for
yea
rs
and
yea
rs,
but
I
onl
y
kn
ow
tha
t,
for
in
st
an
ce
in
Can
ada
,
we
hav
e
not
be
en
sa
mp
li
ng
sed
ime
nt
for
ver
y
lon
g.
The
me
as
ur
em
en
t
tec
hni
que
s
are
kn
ow
n
and
the
y
are
use
d.
In
ma
ny
ca
se
s
th
ey
ar
e
no
t
us
ed
we
ll
.
No
w,
wh
et
he
r
it
is
be
ca
us
e
pe
op
le
ar
e
no
t
ta
ki
ng
th
e
ti
me
to
us
e
th
em
we
ll
or
do
n'
t
kn
ow
th
e
ap
pr
op
ri
at
e
me
ch
an
is
m,
I
am
not
sur
e.
I d
on'
t
wan
t
to
go
int
o
the
det
ail
,
but
I
agr
ee
wi
th
you
tha
t
som
e
of
tha
t
me
th
od
ol
og
y,
or
muc
h
of
it,
is
al
re
ad
y
kn
ow
n
if
we
jus
t
ma
ke
goo
d
use
of
it.
I s
ugg
est
tha
t
pa
rt
ic
ul
ar
ly
in
sm
al
l w
at
er
sh
ed
stu
die
s
wh
er
e
the
eve
nt
s
can
be
ver
y,
ver
y
sho
rt,
pe
op
le
are
no
t
ma
ki
ng
the
bes
t
use
of
it
and
I m
ust
say
too
,
tha
t
in
the
In
te
rn
at
io
na
l
Joi
nt
Co
mm
is
si
on
stu
die
s,
the
re
is
a
lot
of
ex
pe
ri
me
nt
at
io
n
in
do
in
g
it
and
tr
yin
g
to
do
a
be
tt
er
jo
b.
I
am
no
t
op
en
ly
cr
it
ic
iz
in
g
al
l
st
ud
ie
s,
bu
t
I
do
sa
y
ma
ny
of
the
dat
a
we
ha
ve
on
som
e
of
the
ba
si
ns
nee
d
to
be
in
te
rp
re
te
d
car
efu
lly
.
If
one
loo
ks
at
the
sa
mp
li
ng
fre
que
ncy
and
loo
ks
at
ho
w
the
y w
er
e
tak
en,
we
be
tt
er
ac
kn
ow
le
dg
e
jus
t
ho
w
tha
t w
as
do
ne
and
in
te
rp
re
t
the
res
ult
s
ac
co
rd
—
ing
ly,
and
ve
ry
of
te
n
the
sa
mp
li
ng
fr
eq
uen
cy
in
tim
e
jus
t
is
no
t
an
ywh
er
e
nea
r w
her
e
it
has
to
be
to
giv
e u
s m
ean
ing
ful
res
ult
s.
Dr.
D.
Wal
lin
g:
Jus
t
a
ge
ne
ra
l
com
men
t
tha
t
con
cer
ns
the
po
ss
ib
il
it
y
of
us
in
g
tu
rb
id
it
y
me
as
ur
em
en
ts
fo
r
do
cu
me
nt
in
g
se
di
me
nt
ou
tp
ut
fr
om
dr
ai
na
ge
ba
si
ns
.
On
e
of
th
e
tr
ad
it
io
na
l
vi
ew
s
is
to
di
sm
is
s
th
es
e
im
me
di
at
el
y
an
d
sa
y
th
ey
ha
ve
go
t
fa
r
to
o
ma
ny
pr
ob
le
ms
as
so
ci
at
ed
wi
th
th
em
,
bu
t
I
ha
ve
in
fac
t
ex
pe
ri
me
nt
ed
wi
th
the
se
in
Eng
lan
d,
and
if
one
use
s
the
m
for
sp
ec
if
ic
ca
tc
hm
en
t
and
car
rie
s
out
de
ta
il
ed
ca
li
br
at
io
n
pr
oc
ed
ur
es
it
see
ms
to
me
tha
t
the
y
wi
ll
wo
rk
and
the
y
do
pr
ov
id
e
a v
er
y
use
ful
me
an
s
of
ge
tt
in
g
a
co
nt
in
uou
s
re
co
rd
of
se
di
me
nt
con
cen
tra
tio
n.
The
po
in
t
I r
ea
ll
y
wan
t
to
get
at
is
tha
t
if
one
tak
es
tha
t
co
nt
in
uou
s
re
co
rd
as
be
in
g
a w
or
th
wh
il
e
co
nt
in
uo
us
re
co
rd
,
it
is
ex
tr
em
el
y
in
te
re
st
in
g
to
co
mp
ar
e
in
di
vi
du
al
sa
mp
-
lin
g
pr
og
ra
ms
wi
th
a
co
nt
in
uou
s
rec
ord
.
Wh
en
yo
u
sta
rt
to
wo
rk
out
err
or
fun
ct
io
ns
of
wh
at
in
di
vi
du
al
pr
og
ra
ms
wo
ul
d
giv
e
co
mp
ar
ed
to
wha
t
a
con
-
tin
uou
s
re
co
rd
wo
ul
d
giv
e,
the
n
it
is
ab
so
lu
te
ly
st
ag
ge
ri
ng
the
er
ro
rs
tha
t
cou
ld
be
cr
ee
pi
ng
in.
An
d
I r
ea
ll
y
wan
t
to
sup
por
t
you
r
poi
nt,
yo
u
co
uld
be
4 o
r
500
2
out
wi
th
the
fig
ure
s
wh
en
y0u
co
mp
ar
e
th
em
wi
th
the
co
nt
in
uou
s
record.
65
 
 Dr
.
F.
Di
ck
in
so
n:
Tw
o
co
mm
en
ts
.
On
e:
we
ha
ve
ta
ke
n
a
lo
ok
at
th
is
.
WC
ha
ve
be
en
ab
le
to
fi
nd
no
go
od
re
la
ti
on
sh
ip
on
th
e
ba
si
ns
we
ar
e
wo
rk
in
g
on
ri
gh
t
no
w
be
tw
ee
n
tu
rb
id
it
y
an
d
su
sp
en
de
d
lo
ad
th
at
we
co
ul
d
us
e
in
a
qu
an
ti
ta
ti
ve
wa
y.
Bu
t
I
qu
it
e
ag
re
e
wi
th
yo
u
th
at
it
is
a
co
n-
ve
ni
en
t
wa
y.
On
e
th
in
g
we
fo
un
d
co
nv
en
ie
nt
ab
ou
t
it
is
th
at
it
ma
y
be
a
wa
y
of
id
en
ti
fy
in
g
so
ur
ce
s.
In
ot
he
r
wo
rd
s
yo
u
ca
n
se
t
th
em
up
an
d
ru
n
th
em
co
nt
in
ou
sl
y
in
a
nu
mb
er
of
pl
ac
es
in
a
ba
si
n,
an
d
at
le
as
t
be
gi
n
to
id
en
ti
fy
wh
en
th
er
e
is
lo
ad
co
mi
ng
ou
t
of
pa
rt
ic
ul
ar
ar
ea
s
ve
rs
us
wh
en
th
er
e
is
no
lo
ad
co
mi
ng
ou
t
of
ce
rt
ai
n
ar
ea
s;
ev
en
if
we
ca
n'
t
sa
y
ho
w
mu
ch
lo
ad
is
co
mi
ng
fr
om
he
re
ve
rs
us
ho
w
mu
ch
is
co
mi
ng
fr
om
th
er
e.
We
ha
ve
re
al
di
ff
i—
cu
lt
y
ma
ki
ng
th
at
st
ep
be
ca
us
e
we
ha
ve
do
ne
th
is
in
pl
ac
es
wh
er
e
we
go
t
me
as
ur
em
en
ts
.
Ce
rt
ai
nl
y
as
an
in
de
x
of
he
lp
in
g
us
so
rt
ou
t
so
ur
ce
s,
we
ar
e
fi
nd
in
g
it
ve
ry
co
nv
en
ie
nt
in
a
co
up
le
of
th
e
ba
si
ns
.
Dr
.
D.
Si
mo
ns
:
I
wo
ul
d
si
mp
ly
li
ke
to
ma
ke
th
e
po
in
t
in
ad
di
ti
on
to
wh
at
has
bee
n
sta
ted
tha
t
as
we
mo
ni
to
r
sma
ll
wa
te
rs
he
ds
,
plo
ts,
lar
ge
wa
te
r-
sh
ed
s;
th
e
da
ta
co
ll
ec
ti
on
,
th
e
in
st
ru
me
nt
at
io
n,
an
d
so
fo
rt
h
re
qu
ir
e
a
lo
t
of
ti
me
,
a
lo
t
of
am
en
dm
en
ts
of
ef
fo
rt
.
It
is
ex
pe
ns
iv
e
an
d
I
do
th
in
k
th
at
it
is
pr
ob
ab
ly
ti
me
ly
to
me
nt
io
n
th
at
we
sh
ou
ld
ta
ke
ev
er
y
op
po
rt
un
it
y
to
ut
il
iz
e
th
e
ph
ys
ic
al
ly
-b
as
ed
mo
de
ls
to
de
te
rm
in
e
wh
at
th
e
da
ta
ne
ed
s
ar
e.
I
th
in
k
in
ma
ny
in
st
an
ce
s
wh
er
e
we
ar
e
go
in
g
ou
t
an
d i
ns
tr
um
en
ti
ng
wa
te
rs
he
ds
an
d
pl
ot
s,
we
ma
y
be
ga
th
er
in
g
da
ta
th
at
ar
e
tr
iv
ia
l
or
we
ma
y
be
ga
th
er
in
g
du
ri
ng
ti
me
s
wh
en
th
ey
ar
e
no
t
im
po
rt
an
t.
By
ut
il
iz
in
g
th
es
e
mo
de
ls
an
d
ca
rr
yi
ng
ou
t
se
ns
it
iv
it
y
an
al
ys
es
,
1
th
in
k
we
ca
n
in
th
e
fu
tu
re
be
tt
er
de
si
gn
to
me
et
ou
r
re
al
da
ta
ne
ed
s
to
do
a
be
tt
er
jo
b;
ge
t
mo
re
ba
ck
fo
r
th
e
mo
ne
y
spent in the effort.
Dr
.
T.
Di
ck
in
so
n:
1
wo
ul
d
ce
rt
ai
nl
y
ag
re
e.
I
th
in
k
th
at
th
e
mo
de
ls
ca
n
be
a
gr
ea
t
he
lp
an
d
pl
ay
a
gr
ea
t
le
ar
ni
ng
pa
rt
an
d
it
ma
y
be
a
wa
y
of
ef
fi
ci
en
tl
y
sp
en
di
ng
th
e
do
ll
ar
s
we
ha
ve
to
tr
y
an
d
re
ac
h
so
me
of
th
e
pr
ob
le
ms
fa
st
er
.
Dr
.
L.
He
tl
in
g:
Fo
ll
ow
in
g
yo
ur
ta
lk
an
d
th
e
su
bs
eq
ue
nt
di
sc
us
si
on
,
I
se
e
th
re
e
di
ff
er
en
t
ar
ea
s
wh
er
e
ad
di
ti
on
al
st
ud
y
or
re
se
ar
ch
re
so
ur
ce
s
co
ul
d
be
put:
1.
Mo
de
li
ng
an
d
pr
oc
es
s
de
ve
lo
pm
en
t
in
cl
ud
in
g
la
bo
ra
to
ry
an
d/
or
fi
el
d
st
ud
ie
s
di
re
ct
ed
to
th
e
un
de
rs
ta
nd
in
g
of
ac
tu
al
pr
oc
es
se
s.
2.
Fi
el
d
me
as
ur
em
en
ts
ov
er
a
va
ri
et
y
of
wa
te
rs
he
ds
di
re
ct
ed
to
wa
rd
s
in
cr
ea
si
ng
ou
r
da
ta
ba
se
on
ac
tu
al
se
di
me
nt
mo
ve
me
nt
.
3.
De
ve
lo
pm
en
t
of
me
as
ur
em
en
t
te
ch
ni
qu
es
di
re
ct
ed
to
wa
rd
s
im
pr
ov
in
g
ac
cu
ra
cy
an
d
lo
we
ri
ng
co
st
.
Th
e
an
nu
al
co
st
of
a
se
di
me
nt
me
as
ur
e-
me
nt
st
at
io
n
is
no
w
$1
0,
00
0
to
$1
5,
00
0.
Wh
ic
h
of
th
es
e
th
re
e
ar
ea
s,
gi
ve
n
$1
0,
00
0
or
$1
00
,0
00
or
$1
mi
ll
io
n,
wo
ul
d
be
th
e
be
st
in
ve
st
me
nt
co
ns
id
er
in
g
th
e
pr
es
en
t
st
at
e
of
th
e
ar
t.
66
Dr. T. Dickinson: I think that is one of the purposes of this workshop. I
think we have got to do them all and I agree you can not do them all on one
particular basin. But hopefully in some of these broader projects like the
IJC one, there is room for some to be done on each one to try to learn from
each one, to complement the other. I think that is the stage we are at. I
don't think we are at the stage where we can say "let's put all ourmoney in
one bag". That begs the question, but I think that is where we are, because
we must have more data to make sense, but on the other hand we have got to
look at some of the processes. I guess the problem I have, is that in terms
of processes I think we may have to study them in the field, and in particular
field conditions. At least I think in some cases we havegot to do more of
that before we can even go into the laboratory to model them because I am
not sure we even know quite how to set up the laboratory model for the field
situation we want to model. I think that in the laboratory the time scale
we can use is one of the advantages, but we had better find out really what
is the time scale of changes in the field before we go into the laboratory
to try to sort some of that out. I think we have got to do a little bit of
all of it and hopefully in looking at all the resources in the area as a
pool we can come up with a balance that is meaningful, and avoid some of
the pressures that suggest haste and "so and so down the road is doing that”.
In fact if "so and so down the road is doing that", we better do something
else and learn in that way.
Dr. E. Ongley: I have to draw this session to a close as far as my parti—
cipation is concerned. I wish to offer one comment which I would like a
number of you who I know have been working on the relationships between
specific kinds of land use and their effects upon water quality to consider.
If I synthesize correctly what you havesaid Trevor (Dickinson), in general
our ability to use existing data generating techniques is not sufficiently
discriminatory to enable a distinction to be made amongst various land uses.
I know at least two of you, and I am sure there are many more in this room,
who have done very specific work on attempting to discriminate in terms of
water quality and up—stream land uses, and I would like you to think about
this because it is a question that is going to come out in the working sessions.
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a
i
n
th
is
r
e
p
r
e
s
e
n
t
s
a
c
o
n
s
i
d
e
r
a
b
l
e
r
e
d
uc
t
i
o
n
in
o
v
e
r
a
l
l
D
D
T
m
a
m
m
a
l
i
a
n
t
o
x
i
c
i
t
y
.
In
a
n
a
l
ys
i
n
g
w
a
t
e
r
s
a
m
p
l
e
s
fo
r
i
n
s
e
c
t
i
c
i
d
e
r
e
s
i
d
ue
c
o
n
t
e
n
t
it
is
ou
r
n
o
r
m
a
l
p
r
a
c
t
i
c
e
to
a
n
a
l
ys
e
th
e
w
h
o
l
e
w
a
t
e
r
s
a
m
p
l
e
i
n
c
l
u
d
i
n
g
s
u
s
p
e
n
d
e
d
se
di
me
nt
.
To
d
e
t
e
r
m
i
n
e
th
e
a
m
o
un
t
of
i
n
s
e
c
t
i
c
i
d
e
a
d
s
o
r
b
e
d
on
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
w
e
fi
lt
er
c
o
m
p
a
n
i
o
n
s
a
m
p
l
e
s
an
d
a
n
a
l
ys
e
th
e
f
i
l
t
e
r
e
d
se
di
me
nt
.
A
v
e
r
a
g
i
n
g
a
l
a
r
g
e
n
u
m
b
e
r
of
s
a
m
p
l
e
s
f
r
o
m
B
i
g
C
r
e
e
k
a
n
d
H
o
l
l
a
n
d
M
a
r
s
h
w
e
f
o
m
m
th
e
pe
r
ce
nt
of
th
e
w
h
o
l
e
w
a
t
e
r
a
n
a
l
ys
i
s
w
h
i
c
h
wa
s
a
d
s
o
r
b
e
d
o
n
th
e
se
di
me
nt
to
b
e
6
1
1
a
v
e
r
a
g
e
f
o
r
D
D
T
(
3
0
—
9
3
2
r
a
n
g
e
)
a
n
d
1
5
2
a
v
e
r
a
g
e
f
o
r
d
i
e
l
d
r
i
n
(3
-4
21
r
a
n
g
e
)
.
T
h
e
s
e
v
a
l
u
e
s
a
r
e
in
a
g
r
e
e
m
e
n
t
w
i
t
h
t
h
e
w
a
t
e
r
s
o
l
u
b
i
l
i
t
y
of
t
h
e
s
e
c
o
m
p
o
u
n
d
s
(
0
.
0
0
1
2
p
p
m
f
o
r
D
D
T
a
n
d
0
.
1
8
6
p
p
m
f
o
r
d
i
e
l
d
r
i
n
)
.
I
n
t
h
e
H
o
l
l
a
n
d
M
a
r
s
h
w
a
t
e
r
sa
mp
le
s,
d
i
a
z
i
n
o
n
(a
n
o
r
g
a
n
o
p
h
o
s
p
h
o
r
u
s
i
n
s
e
c
t
i
c
i
d
e
)
wa
s
p
r
e
s
e
n
t
at
c
o
n
c
e
n
t
r
a
t
i
o
n
s
g
r
e
a
t
e
r
t
h
a
n
th
e
d
i
e
l
d
r
i
n
bu
t
no
d
i
a
z
i
n
o
n
w
a
s
f
o
un
d
ad
so
rb
u
o
n
t
o
t
h
e
s
e
d
i
m
e
n
t
.
T
h
e
s
e
d
a
t
a
a
l
s
o
a
g
r
e
e
w
i
t
h
t
h
e
w
a
t
e
r
s
o
l
u
b
i
l
i
t
y
v
a
l
u
e
(
%
pp
m)
f
o
r
d
i
a
z
i
n
o
n
.
O
u
r
l
a
b
o
r
a
t
o
r
y
a
d
s
o
r
p
t
i
o
n
e
x
p
e
r
i
m
e
n
t
s
v
e
r
i
f
y
t
h
e
s
e
fi
nd
im
i.
e.
t
h
a
t
t
h
e
m
o
r
e
w
a
t
e
r
s
o
l
u
b
l
e
t
h
e
c
h
e
m
i
c
a
l
,
t
h
e
l
e
s
s
it
is
a
d
s
o
r
b
e
d
o
n
t
o
the sediments.
(INCLUSIONS
In
s
u
m
m
a
r
y
,
w
e
h
a
v
e
f
o
u
n
d
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
i
n
s
e
c
t
i
c
i
d
e
r
e
s
i
d
u
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
s
o
i
l
,
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
,
b
e
d
l
o
a
d
a
n
d
b
e
d
m
a
t
e
r
i
ﬂ
W
e
h
a
v
e
n
o
t
e
d
t
h
e
c
o
n
v
e
r
s
i
o
n
o
n
s
e
d
i
m
e
n
t
of
D
D
T
to
it
s
l
e
s
s
t
o
x
i
c
m
e
t
a
b
o
l
i
t
e
B
B
B
a
n
d
a
l
s
o
to
D
D
E
.
A
n
d
w
e
s
u
g
g
e
s
t
t
h
a
t
w
e
m
i
g
h
t
h
a
v
e
q
u
i
t
e
d
i
f
f
e
r
e
n
t
e
n
v
i
r
o
n
m
e
n
t
a
l
p
o
l
l
u
t
i
o
n
w
i
t
h
i
n
s
e
c
t
i
c
i
d
e
s
i
n
t
h
e
f
u
t
u
r
e
—
t
h
e
s
e
d
i
m
e
n
t
-
a
s
s
o
c
i
a
t
e
d
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
e
c
t
i
c
i
d
e
s
s
e
t
t
l
e
i
n
t
o
t
h
e
b
e
d
m
a
t
e
r
i
a
l
o
f
b
a
ys
w
h
e
n
a
s
t
r
e
a
m
e
n
t
e
r
s
t
h
e
r
e
c
e
i
v
i
n
g
l
a
k
e
,
b
u
t
t
h
e
w
a
t
e
r
—
s
o
l
u
b
l
e
o
r
g
a
n
o
p
h
o
s
p
h
m
i
n
s
e
c
t
i
c
i
d
e
s
w
h
i
c
h
p
e
r
s
i
s
t
w
i
l
l
c
o
n
t
i
n
u
e
o
n
w
i
t
h
t
h
e
w
a
t
e
r
to
b
e
c
o
m
e
w
i
d
e
l
y
d
i
s
t
r
i
b
u
t
e
d
i
n
t
h
e
l
a
k
e
.
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 INSECTICIDE RESIDUES IN BED MATERIAL AND BED LOAD,
TABLE 1.
BIG CREEK, NORFOLK COUNTY, ONTARIO (PARTS PER BILLION)
Total — DDT Dieldrin Endosulfan
1973
Bed
Mat.
Bed
Load
Bed
Mat.
Bed
Load
Bed
Mat.
Bed
Load
June
26
30
198
l
6
<1
2
Jul
y 1
0
26
145
l
4
<1
<1
Augu
st
14
27
21
2
1
<1
3
Sept
embe
r 15
35
100
l
8
<1
2
Octo
ber
2
18
30
l
2
<1
1
Octo
ber
16
18
62
<1
2
<1
1
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ET.((4J1.
 
 An
th
ro
po
ge
ni
c
In
fl
ue
nc
es
of
Se
di
me
nt
Qu
al
it
y
at
a
So
ur
ce
.
Pesticides and PCBs
R. Frank
INTRODUCTION
Be
tw
ee
n
19
74
an
d
19
76
sa
mp
le
s
of
su
sp
en
de
d
so
li
ds
we
re
co
ll
ec
te
d
at
th
e
ri
ve
r
mo
ut
hs
of
th
os
e
wa
te
rc
ou
rs
es
on
th
e
Ca
na
di
an
si
de
of
th
e
Gr
ea
t
La
ke
s
th
at
de
li
ve
re
d
at
le
as
t
0.
5%
of
th
e
wa
te
r
co
nt
ri
bu
te
d
to
th
at
la
ke
by
Ca
na
di
an
la
nd
dr
ai
na
ge
.
Th
e
su
sp
en
de
d
so
li
ds
we
re
re
mo
ve
d
fr
om
st
re
am
wa
te
r
du
ri
ng
th
e
hi
gh
fl
ow
s
in
sp
ri
ng
by
ce
nt
ri
fu
ga
ti
on
an
d
fr
ee
ze
dr
yi
ng
.
Th
e
fi
el
d
wo
rk
wa
s
ca
rr
ie
d
ou
t
by
st
af
f
of
th
e
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
un
de
r
PL
UA
RG
st
ud
y
Ta
sk
D.
Ma
ny
su
sp
en
de
d
so
li
ds
ha
ve
st
il
l
to
be
an
al
ys
ed
an
d
th
e
fi
nd
in
gs
gi
ve
n
he
re
in
mu
st
be
tr
ea
te
d
as
pr
el
im
in
ar
y.
RESULTS
Ar
ou
nd
La
ke
On
ta
ri
o
34
of
53
st
re
am
s
sa
mp
le
d
we
re
an
al
ys
ed
fo
r
pe
st
ic
id
es
;
al
on
g
La
ke
s
Er
ie
an
d
St
.
Cl
ai
r
th
e
nu
mb
er
wa
s
14
of
24
st
re
am
s;
al
on
g
La
ke
Hu
ro
n
it
wa
s
9
of
21
st
re
am
s
(1
97
4)
,
an
d
5
of
48
st
re
am
s
(1
97
5)
,
an
d
al
on
g
La
ke
Su
pe
ri
or
it
wa
s
5
of
45
st
re
am
s.
DD
T
an
d/
or
it
s
me
ta
bo
li
te
s
we
re
pr
es
en
t
in
al
l
sa
mp
le
s.
Me
an
re
si
du
es
in
19
74
we
re
13
8
an
d
16
0
pp
m
in
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
s
On
ta
ri
o
an
d
Hu
ro
n,
wh
il
e
in
19
75
re
si
du
es
we
re
co
ns
id
er
ab
ly
lo
we
r
at
34
.0
,
2.
9
an
d
2.
3
pp
b,
re
sp
ec
ti
ve
ly
,
on
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
s
Er
ie
,
St
.
Cl
ai
r,
Hu
ro
n
an
d
Su
pe
ri
or
.
In
19
74
th
e
la
rg
es
t
co
mp
on
en
t
in
th
e
ZD
DT
wa
s
th
e
pa
re
nt
co
mp
ou
nd
DD
T,
bu
t
in
19
75
th
e
la
rg
es
t
co
mp
on
en
t
wa
s
DD
E.
Di
el
dr
in
wa
s
pr
es
en
t
in
50
an
d
9%
of
sa
mp
le
s
co
ll
ec
te
d
at
ri
ve
r
mo
ut
hs
al
on
g
La
ke
s
On
ta
ri
o
an
d
Hu
ro
n
in
19
74
;
th
es
e
co
nt
ai
ne
d
me
an
re
si
du
es
of
1.
5
an
d
0.
2
pp
b
re
sp
ec
ti
ve
ly
.
Al
l
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
s
Er
ie
—
St
.
Cl
ai
r
(1
97
5)
co
nt
ai
ne
d
di
el
dr
in
;
th
e
me
an
re
si
du
e
be
in
g
3.
6
pp
b.
Me
an
re
si
du
es
we
re
0.
4
an
d
0.
2
pp
b
di
el
dr
in
in
so
li
ds
en
te
ri
ng
La
ke
s
Hu
ro
n
an
d
Su
pe
ri
or
an
d
we
re
de
te
ct
ed
in
80
%
of
sa
mp
le
s.
En
do
su
lf
an
wa
s
pr
es
en
t
in
19
%
of
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
On
ta
ri
o
(m
ea
n
re
si
du
e
2.
3
pp
b)
bu
t
no
ne
en
te
re
d
La
ke
Hu
ro
n
in
19
74
.
In
19
75
,
en
do
su
lf
an
wa
s
pr
es
en
t
on
79
%,
80
%
an
d
40
%
of
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
s
Er
ie
—
St
.
Cl
ai
r,
Hu
ro
n
an
d
Su
pe
ri
or
;
at
th
e
re
sp
ec
ti
ve
me
an
co
nc
en
tr
at
io
ns
of 5.5, 0.8 and 0.4 ppb.
He
pt
ac
hl
or
ep
ox
id
e
an
d
ch
lo
rd
an
e
we
re
no
t
de
te
ct
ed
on
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
On
ta
ri
o
or
La
ke
Hu
ro
n
in
19
74
to
a
li
mi
t
of
0.
5
pp
b.
He
pt
ac
hl
or
ep
ox
id
e
wa
s
pr
es
en
t
in
50
%,
40
%
an
d
20
%,
re
sp
ec
ti
ve
ly
,
of
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
s
Er
ie
-
St
.
Cl
ai
r,
Hu
ro
n
an
d
Su
pe
ri
or
in
19
75
.
Th
e
re
sp
ec
ti
ve
me
an
re
si
du
es
we
re
1.
2,
0.
2
an
d
<0
.1
pp
b.
Ch
lo
rd
an
e
wa
s
pr
es
en
t
in
85
%
an
d
80
%
of
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
s
Er
ie
,
St
.
Cl
ai
r
an
d
Hu
ro
n
in
19
75
at
me
an
co
nc
en
tr
at
io
ns
of
2.
9
an
d
0.
8
pp
b,
re
sp
ec
ti
ve
ly
.
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 Or
ga
no
ph
os
ph
or
us
in
se
ct
ic
id
es
we
re
no
t
fo
un
d
in
an
y
su
sp
en
de
d
so
li
ds
ov
er
th
e
tw
o
ye
ar
pe
ri
od
to
a
li
mi
t
of
1—
10
pp
b.
PC
Bs
we
re
pr
es
en
t
in
al
l
su
sp
en
de
d
so
li
ds
ov
er
th
e
2—
ye
ar
pe
ri
od
.
The
hi
gh
es
t
co
nc
en
tr
at
io
ns
we
re
in
tho
se
en
te
ri
ng
La
ke
On
ta
ri
o
(19
4
ppb
)
and
La
ke
Hu
ro
n
(8
4
pp
b)
in
19
74
.
Me
an
co
nc
en
tr
at
io
ns
we
re
60
,
20
an
d
20
pp
b,
re
sp
ec
ti
ve
ly
,
in
19
75
in
so
li
ds
en
te
ri
ng
La
ke
s
Er
ie
-
St
.
Cl
ai
r,
Hu
ro
n
an
d
Superior.
A
fe
w
sa
mp
le
s
we
re
an
al
ys
ed
fo
r
HC
B
in
19
74
.
Tw
o
of
ni
ne
sa
mp
le
s
en
te
ri
ng
La
ke
On
ta
ri
o
co
nt
ai
ne
d
HC
B
at
5
pp
b.
No
HC
B
wa
s
fo
un
d
in
tw
o
sa
mp
le
s
an
al
ys
ed
fr
om
st
re
am
s
fl
ow
in
g
in
to
La
ke
Hu
ro
n.
Th
er
e
we
re
en
ou
gh
sa
mp
le
s
in
19
74
to
an
al
ys
e
su
sp
en
de
d
so
li
ds
en
te
ri
ng
La
ke
On
ta
ri
o
an
d
La
ke
Hu
ro
n
fo
r
s—
tr
ia
zi
ne
s.
No
ne
of
th
os
e
st
re
am
s
fl
ow
in
g
in
to
La
ke
Hu
ro
n
co
nt
ai
ne
d
s-
tr
ia
zi
ne
s
an
d
on
ly
3
of
34
co
nt
ai
ne
d
de
te
ct
ab
le
le
ve
ls
of
s-
tr
ia
zi
ne
s
en
te
ri
ng
La
ke
On
ta
ri
o.
Th
e
me
an
re
si
du
e
of
th
e
3
sa
mp
le
s
wa
s
51
0
pp
b.
Th
er
e
wa
s
in
su
ff
ic
ie
nt
sa
mp
le
in
19
75
to
do
s—
tr
ia
zi
ne
an
al
ys
es
an
d
mo
re
sa
mp
le
is
be
in
g
ob
ta
in
ed
.
A
fe
w
st
re
am
s
in
La
ke
s
On
ta
ri
o
an
d
Er
ie
—
St
. C
la
ir
we
re
sa
mp
le
d
a
mo
nt
hl
y
in
te
rv
al
s
th
ro
ug
ho
ut
th
e
ye
ar
.
Bo
th
ZD
DT
an
d
PC
B
va
ri
ed
gr
ea
tl
y
fr
om
mo
nt
h—
to
-m
on
th
.
Th
is
wa
s
es
pe
ci
al
ly
th
e
ca
se
am
on
g
su
sp
en
de
d
so
li
ds
fr
om
st
re
am
s
en
te
ri
ng
La
ke
On
ta
ri
o
(19
74)
.
On
the
ot
he
r
han
d
the
sam
e
par
ame
ter
s
sh
ow
ed
on
ly
sm
al
l
di
ff
er
en
ce
s
in
19
75
fr
om
La
ke
s
Er
ie
—
St
. C
la
ir
an
d
Hu
ro
n.
CONCLUSION COWENTS
Th
is
re
po
rt
is
in
te
nd
ed
to
be
on
ly
pr
el
im
in
ar
y
an
d
a
mo
re
ex
ac
t
in
te
rp
re
ta
ti
on
wi
ll
ha
ve
to
aw
ai
t
co
mp
le
ti
on
of
an
al
ys
is
an
d
ca
lc
ul
at
io
ns
of
ac
tu
al
am
ou
nt
s
of
pe
st
ic
id
e
an
d
po
ll
ut
an
ts
be
in
g
ca
rr
ie
d
to
th
e
Gr
ea
t
La
ke
s
by streams.
74
p
a
q
r
4
p
4
A
a
e
i
n
s
u
g
n
p
n
d
p
d
S
o
l
i
d
s
C
o
l
l
e
c
t
e
d
n
r
r
h
p
M
n
u
r
h
g
n
f
R
i
v
e
r
s
a
n
d
S
t
r
e
a
m
s
o
n
t
h
e
C
a
n
a
d
i
a
n
S
i
d
e
m
-
|
_
1
.
1
Pest
iCid
es
in
Sus
pen
ded
SOli
dS
COl
leC
ted
at t
he
Mout
hs
of
Rive
rs
and
Stre
ams
on
the
Can
adi
an
Side
of t
he G
reat
Lakes
Tabl
e l.
 
Lak
es
Erie &
St. Cl
air
(1975)
1
Contam
inant
Huron
On
ta
ri
o
(1974)
(1974)
(1975)
Su
pe
ri
or
(1975)
Samples
53
24
21
48
Anal
ysed
34
14
14
34
1.1—115
ZDD
T
34
138
2—2380
Presence
Mean (PPb)
Ran
ge
(pp
b)
14
3.
6
0.5—
13.8
Dieldrin
Presence
18
Mean (PPb)
Ran
ge
(pp
b)
Presence
Mean (PPb)
Ra
ng
e
(p
pb
)
Endosulfan
11
5.
5
d
0.0—18
.3
7
1.2
0.0-
3.6
Pres
ence
Mean (ppb)
Ran
ge
(pp
b)
Hept.
Epox.
0.
2
0.0—0.6
4
0.8
0.0—1.0
Chlordane
12
2.9
0.0—20.0
Pres
ence
Mean
(ppb)
Ran
ge
(pp
b)
5
20
8-
30
PCB
34
194
2-1800
1
4
60
10—
330
Presence
Mean (PPb)
Range (ppb)
84
20—
370
20
10—
30
1No organoph
osphorus ins
ecticides fo
und in any s
uspended sol
ids.
HCB pr
esent
in 2 o
f 9 sa
mples
from L.
Ontari
o — me
an 1.1
ppb, r
ange 0
-5 ppb,
absent
in 2 s
amples
from L.
Huron.
Atrazi
ne in
3 of 34
samples
in L.
Ontario
- mean
45 ppb,
range
0—1110
ppb. N
o atraz
ine in
9 sampl
es fro
m L. H
uron (
1974).
  
 TABLE 2.
COMPONENTS OF
XDDT FOUND IN SUSPENDED SOLIDS COLLECTED
AT THE MOUTHS
OF RIVERS AND STREAMS
ON THE CANADIAN SIDE OF THE
 
 
 
  
  
   
  
  
  
  
 
 
 
 
GREAT LAKES
5
Content in suspended solids (ppb) ‘
Lakes
DDE
TDE
opDDT
ppDDT
ZDDT
\
Lake Ontario (1974)
S4
20
93
138
‘
Lakes Erie & St. Clair (1975)
8.0
6.4
2.3
22.1
34A;
Lake Huron (1974)
38
14
13
95
160
‘
1
Lake Huron
(1975)
1.4
0.6
0.4
2.0
23‘
Lake Superior (1975)
1.7
0.5
0.0
0.5
2.3\
-~
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DISCUSSION
Mr.
J.
Culb
erts
on:
On
the
firs
t h
alf
of
the
disc
ussi
on,
one
of
the
tabl
es
ind
ica
ted
59
and
62%
of
the
ins
ect
ici
de
was
foun
d o
n t
he
sedi
ment
.
How
muc
h
sed
ime
nt
was
this
on?
Did
you
det
erm
ine
the
mass
or
sur
fac
e a
rea
or
size
of
these sediments?
Dr.
R.
Mile
s:
Thes
e a
re
ver
y l
ow
sedi
ment
s,
all
less
than
100
mil
lig
ram
s
per
litr
e.
Some
of
them
are
ver
y s
mall
, a
roun
d 1
0 m
ill
igr
ams
per
litr
e.
Does
that answer your question?
Mr.
J.
Chl
ber
tso
n:
The
maj
or
poi
nt
was
, w
hat
was
the
mas
s o
f t
he
mat
eri
al
associated with this percent?
Dr.
R.
Mil
es:
I t
hin
k I
had
tha
t o
n o
ne
of
the
fir
st
sli
des
, w
her
e w
e h
ad
par
ts
per
bil
lio
n l
eve
l o
f D
DT
on
the
sus
pen
ded
sed
ime
nt,
and
as
I s
ay
thi
s
sus
pen
ded
sed
ime
nt
was
in
the
ver
y l
ow
mil
lig
ram
s p
er
lit
re.
Now
tha
t t
abl
e
you
ask
ed
abo
ut
was
the
per
cen
t o
f
the
ins
ect
ici
de
of
the
who
le
wat
er
sam
ple
tha
t w
as
abs
orb
ed
on
the
sed
ime
nt.
We
use
d t
he
who
le
wat
ers
amp
le
in
cor
re-
lat
ion
wit
h f
low
dat
ath
at
we
hav
e f
rom
Wat
er
Sur
vey
of
Can
ada
,
and
we
act
ual
ly
mea
sur
ed
the
pou
nds
of
DDT
.
We
cal
cul
ate
d t
hem
out
in
wee
kly
pro
—
gre
ssi
on
thr
oug
h t
he
sea
son
and
we
hav
e a
pap
er
on
tha
t w
ith
nut
rie
nts
and
ins
ect
ici
des
fro
m B
ig
Cre
ek
tha
t i
s i
n p
res
s.
The
wei
ght
s a
re
in
gra
ms
per
yea
r,
eve
n s
ome
of
the
ins
ect
ici
des
.
It
doe
s n
ot
sou
nd
ver
y d
ram
ati
c,
but
the
con
cen
tra
tio
ns
in
the
wat
er
in
the
str
eam
s a
re
sti
ll
gre
ate
r t
han
the
rec
omm
end
ati
ons
by
the
EPA
in
the
Sta
tes
.
We
hav
e q
uan
tif
ied
the
m o
n t
he
bas
is
of
the
who
le
wat
er
sam
ple
s o
r w
ith
the
flo
w-d
ata
.
Dr.
E.
Ong
ley
:
0n
the
tab
le
whe
re
you
sho
wed
the
dow
nst
rea
m i
ncr
eas
ing
con
ver
sio
n o
f D
DT
to
DDE
and
DDD
thi
s
is,
as
I u
nde
rst
and
it,
tak
en
on
the
bed
loa
d o
r o
n t
he
sus
pen
ded
sol
ids
fra
cti
on?
I w
as
not
qui
te
sur
e a
bou
t
that.
Dr.
R.
Mil
es:
It
was
on
the
tit
le
as
"Be
d M
ate
ria
l".
Tha
t w
as
bed
mat
eri
al
wh
ic
h
we
fi
gur
ed
wo
ul
d
tak
e
a c
on
si
de
ra
bl
e
tim
e
to
wo
rk
dow
n.
It
pr
ob
ab
ly
on
ly
get
s
mo
ve
d
du
ri
ng
st
or
m
eve
nts
,
say
,
bu
t
we
fi
gur
ed
tha
t
the
mi
cr
o—
org
ani
sms
in
the
bed
mat
eri
al
wou
ld
hav
e
a
lon
ger
per
iod
of
tim
e t
o w
ork
on
the substrate as it moved downstream.
Dr.
E.
Ong
ley
:
Wou
ld
it
be
cor
rec
t
to
say
tha
t m
ost
of
thi
s w
oul
d
be
ass
o-
cia
ted
wit
h t
he
fin
e f
rac
tio
n -
the
cla
y s
ize
d
fra
cti
on?
Dr.
R.
Mil
es:
In
Big
Cre
ek
the
re
is
no
rea
l c
lay
.
Mos
tly
gra
vel
4nd
san
d.
The
cla
y w
oul
d
com
e u
p
in
the
Hol
lan
d M
ars
h w
her
e
the
re
is
a h
eav
r
cla
y
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 underlay
under
the
bed
material.
It
is
a
little
difficult
to
characterize
up
there.
The
bottom
mud
does
not
get
incorporated
down
with
the
clay.
It
forms
its
own
bed
material,
the
solid
mass
as
opposed
to
the
shifting
bed
load above that.
Dr.
E.
OngZey:
In
your
opinion
we
should
not
then
perhaps
restrict
ourselves
to
looking
at
merely
the
fine
sediment
fraction,
if
we
are
looking
at
sediment
quality,
which
is
a
statement
that
has
been
made
earlier.
Dr.
R.
Miles:
Maybe
I
didn't
make
that
point
clear.
The
point
of
the
bed
load
analyses
was
that
the
benthic
fish
and
crustaceans
are
exposed
to
a
higher
concentration
than
you
would
appraise
from
a
bed
material
analysis
of
the
more
permanent
bed
material.
I
think
you
can
see,
however,
that
there
is
a
considerable
degradation
and
dilution
from
concentrations
found
in
the
soil.
Also,
with
the
large
number
of
insecticides
found
in
the
soil,
we
are
only
finding
a
small
proportion
of
them
in
the
sediments.
Dr.
J.
Weber:
I
have
a
comment.
A
lot
of
the
grains
of
sand
and
coarser
material
are
coated
with
fine
clay
particles
and
with
fine
organic
substances.
You
can't
really
separate
them.
You
may
get
a
lot
of
the
finer
material
associated
with
the
coarser
material
in
surface
coverage.
The
question
I
have
is
that
the
analysis
was
on
atrazine.
This
suggests
that
there
is
a
lot
of
corn
production.
I
was
wondering
if
there
was
any
soyabean
production,
and
if
so,
had
you
analyzed
for
dini-
troanilins?
Dr.
R.
Frank:
The
only
anilin
that
we
have
looked
for
is
Arochlor.
Dr.
J.
Weber:
Arochlor
would
be
an
acid
analid.
I
mean
Trifluralin.
Dr. R. Frank: No.
Dr.
J.
Weber:
The
reason
I
ask
is
because
I
was
also
curious
as
to
whether
you
had
analyzed
any
of
the
sediments
for
some
nitrosamine
contaminants
that
have been found.
Dr.
R.
Frank:
One
of
the
problems
that
we
have
been
facing
is
that
we
only
have
five
grams
of
sediment.
Our
first
analysis
is
for
the
organochlorine
group.
If
any
sample
is
left
we
go
to
the
triazine
group.
If
any
sample
is
still
left
we
go
to
any
other
group.
By
then
we
have
usually
exhausted
our sample.
This
is
one
of
the
problems
we
are
up
against.
We
need
a
system
to
obtain
more
sample.
I
understand
that
one
would
have
to
sit
at
the
mouth
of
some
of
these
streams
for
a
month
to
get
enough
sample
to
do
all
the
analyses.
Perhaps
Dr.
Thomas
could
elaborate
on
this.
Dr. R.
Zhomas:
In order to investigate some of
the points raised in this
discussion, I should explain our procedures.
We have
gone up to the mouth of
the Grand River with our sampling equipment. We sat there for eight hours,
pumped some 4600 litres of water and recovered the solids.
We have good
recoveries of the solids in four size fractions. We have the associated
water samples that we can supply for analysis.
It is our intention to do more of this type of work.
We want
to fill in those samples where Dr. Frank did not have enough material.
We
intend to sample next spring (1977).
The point that should be made is that we are not really
discussing loadings in this context.
We are having a look at concentrations
of these materials, as they appear at the interface of the Lakes and rivers
themselves.
I think it is rather interesting if one looks at the organo—
chlorines.
We have
done analyses on most of the residual samples from past
sampling in the Great Lakes (Lake Erie, Lake St. Clair, Lake Ontario and
presently Lake Huron. Lake Superior is yet to be done).
This represents
an enormous amount of work.
Once you look at something that equates to a mass balance
coming into, for example Lake Erie, one gets some shocks. Ralph Miles men—
tioned that in certain cases insecticides coming from these watersheds are
in the grammes or kilogrammes range. Yet the amounts of these materials that
are depositing in the open waters of the lakes are much higher and cannot be
accounted for from these watersheds.
When one looks at Lake Erie, the major
impact is from the Detroit River. We know that there are not many pesticides
or PCBs in Lake St. Clair. Yet once one looks at Western Lake Erie, the
sediments are in terrible shape. Something is happening in that stretch of
river that we have to investigate.
It is a massive impact compared to a more
minor impact from the watersheds themselves.
Dr. R. Frank:
I might just cement, that in the agricultural watersheds we
are looking at a much wider range of parameters. We are not only doing that,
but we are carrying field surveys to determine exactly how much material is
going onto the land surface. Where we have a watershed that has got a big
use of Trifluralin, we go back and look at the water in that watershed,
instead of looking at it as monitoring and trying to get a handle on what is
going on out there in the field and then trying to determine what is present.
This is being done.
Dr. J. WEber: If you took samples of the bottom deposits, has anyone sampled
the concentration of the chemicals in the deposits with depth? You say DDT
is decreasing with time, surely then, that means the DDT found deeper might
be in higher concentrations, unless it is degraded and in that case you would
find metabolites.
Dr. R. Thomas: Well I think that is a function of the ability to sub—sample
a sediment core with the resolution you are talking about. For example, in
many lakes one centimetre would represent approximately 10 years of accumulation.
You have to wait a long time to see any decline. But if you go back up
through a core looking for PCBs, we have quite a nice picture in Lake Erie.
It starts to appear quite strongly around 1955.
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Dr.
H.
Pionkr:
Were
these
sediments
primarily
organic?
Were
they
very
high
in organic matter?
Dr.
H.
Thomas:
We
have
measured
total
organic
carbon
in
the
suspended
samples
and
I
must
confess
I
was
very
surprised
indeed.
I
was
anticipating
high
organic
content.
This
is
not
the
case.
We
are
running
up
to
orders
of
7%
organic
carbon
which
is
not
high
if
you
look
in
the
Bay
of
Quinte
in
the
Great
Lakes.
You
are
up
over
20%
organic
carbon
in
samples
from
that
area,
so
these
are
very
low
in
organic
matter.
 
Anthropogenic
Influences
of
Sediment
Quality
at
a
Source.
Nutrients:
Carbon,
Nitrogen
and
Phosphorus
M. Miller
INTRODUCTION
Crop
production
practices
have
a
marked
influence
on
the
amount
of
sediment eroding from farm fields.
They may
also have a marked influence on
the nutrient
concentration
on the
sediment
either
by altering
the
physical
characteristics
of
the
sediment
or
by altering
the nutrient
content
of
surface
soil and hence of sediment.
ALTERATIONS IN PHYSICAL CHARACTERISTICS OF SEDIWENT
The
erosion process
is
selective
in
that
sediment
generally
contains
a larger proportion of finer particles
and organic matter than does the
source
soil.
The nutrients
carbon,
nitrogen and
phosphorus
are
in higher
concentrations in the
finer particles.
This is demonstrated
for phosphorus
in Figure 1 in which
the ratio of the phosphorus content of soil fractions to
that of
the total soil (P enrichment
ratio)
is related to the maximum par—
ticle size included in
the fraction.
The
fact that
the phosphorus enrichment
in runoff sediment is related to enrichment in clay and organic matter content
is also demonstrated in Table 1.
Any
management practice
which
tends to
reduce
the
carrying capacity
of the runoff water will tend to reduce the mean particle size of the sediment
and hence will tend to increase the nutrient concentration on the
sediment.
Tillage practices
can affect
the runoff velocity through
its effect
on surface
roughness,
degree of incorporation of plant residues etc.
Table 2 illustrates
the effect of
three tillage practices on the nutrient concentration in the
sediment from simulated rainfall.
Romkens, §£_al.,
(1973)
states
that
"differences
in the N and P
concentrations
in runoff
sediment between tillage systems are primarily due
to selective soil erosion....
Ridges across slope and/or corn residue on the
soil surface
act as sediment traps and natural barriers to surface runoff".
Thus management practices which reduce sediment loss probably will
not reduce the nutrient loss proportionately.
ALTERATIONS IN MITle
CONTENT OF SLRFACE SOIL AND HENCE 0F SEDIIvENT
Carbon
Crop production generally reduces the organic matter content of the
surface 3011.
Because organic matter is critical in maintaining stable soil
structure, a reduction leads to increased sediment loads in runoff from
agricultural lands.
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 TABLE 1
PHOSPHORUS ENRICHMENT 0F SEDIMENT FROM RUNOFF PLOTS
AT GUELPH, ONTARIO AS A FUNCTION OF ENRICHMENT IN
CLAY AND ORGANIC MATTER
(6 EVENTS FROM 6 PLOTS — 1973-1975)
 
Dependent Variable Independent Variables R2
P Enrichment Clay Enrichment 0.61*
(c1. Enrich.)2 0.64
Org. Mat. Enrichment 0.69
(Org. Mat. Enrich.)2 0.70
 
 
* RZ - proportion of the variability in P enrichment accounted for by
regression including this independent variable and all others
preceding it in the table.
 
 
TABLE 2
EFFECT OF TILLAGE SYSTEM ON RUNOFF AND NUTRIENT
CONTENT OF SEDIMENT
(FROM ROMKENS, NELSON AND MANNERING, 1973)
    
 
Tillage Runoff Soil Loss Sediment Quality
(cm) (I/ha) N P
(us/g)
Chisel 3.81 1.68 2022 616
Coulter 4.39 1.87 1278 387
Conventional 5.56 24.74 1147 308
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 Although
it
is
difficult
to
increase
the
organic
matter
content
of
the
surface
soil
on
a
sustained
basis,
temporary
increases
may
occur
from
heavy
applications
of
manure
or
sewage
sludge,
if
they
are
not
incorporated.
Runoff
from
such
fields
would
have
a
markedly
higher
carbon
content,
both
in
solution
and
in
suspended
particles
during
initial
runoff
events
following
application.
Later
runoff
events
would
exhibit
much
lower
differences
as
illustrated
by
the
data
in
Table
3.
Nitrogen
Because
nitrogen
in
soil
is,
for
the
most
part,
associated
with
the
organic
matter,
the
nitrogen
and
carbon
contents
of
sediment
will
be
closely
related.
Applications
of
fertilizer,
manure
or
sewage
sludgewill
temporarily
increase
the
nitrogen
content
of
surface
soil.
If
these
materials
are
applied
to
the
soil
surface
during
the
late
fall
or
winter
and
are
not
incorporated,
the
spring
runoff
will
be
appreciably
higher
in
both
dissolved
and
particulate
nitrogen.
If
they
are
added
at
the
times
and
rates
most
effective
for
crop
production,
there
should
be
little
increase
in
the
nitrogen
content
of
the
runoff.
Phosphorus
The
phosphorus
content
of
the
surface
soil
is
modified
by
crop
production
practices
to
a
much
greater
extent
than
either
carbon
or
nitrogen.
Most
soils
in
the
natural
state
are
deficient
in
available
phosphorus.
Sustained
production
of
high
yielding
crops
requires
that
phosphorus
be
added
to
the
soil
to
increase
the
available
phosphorus
level.
This
increases
the
total
phosphorus
content
of
the
sediment
and,
perhaps
more
importantly
it
increases
the
labile
phosphorus
in
particular.
The
influence
of
fertilizer
phosphorus
addition
on
the
"extractable
P"
content
of
a
soil
is
illustrated
by the data in Table 4.
Because
phosphorus
reacts
in
the
soil
to
form
only
slightly
soluble
compounds,
phosphorus
applied
to
the
surface
is
retained
in
the
surface
1
to
2
cm.
thus
increasing
the
available
phosphorus
content
of
this
portion
of
the
soil
to
a
much
greater
extent
than
if
the
phosphorus
were
mixed
throughout
the plow layer (Table 5).
The
increase
in
"Extractable
P"
in
the
surface
soil
results
in
a
similar
increase
in
the
"Extractable
P"
of
the
sediment
and
in
the
dissolved
P
concentration
in
the
runoff
water
as
illustrated
by
the
data
in
Tables
6,
7
and 8.
The
relation
between
dissolved
P
in
runoff
and
the
"Extractable
P"
in
the
sediment
can
be
demonstrated
further
by
data
from
runoff
plots
at
Guelph.
For
six
runoff
events
from
each
of
six
plots
during
1973—1975,
"Extractable
P"
(0.5
N
NBHCO3)
accounted
for
55%
of
the
variability
in
dissolved
ortho—P
in
runoff.
The
data
are
plotted
in
Figure
2.
It
is
apparent
from
Figure
2
that
when
manure
is
present
on
the
surface,
there
is
no
relation
between
dissolved
P
and
extractable
P
content
on
the
sediment.
However,
in
the
absence
of
surface
manure,
the
relationship
is
reasonably
good.
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 TABLE 3
ORGANIC
CARBON CONTENT
OF SURFACE
SOIL
(O-l
CM)
AND OF SEDIMENT
FROM RUNOFF PLOTS
AT GUELPH,
ONTARIO
ZC
Treatment
Soil (0-1 cm)
Sediment*
No manure
1.78
2.52
Manure** - on surface
1.98
2.77
  
* Average of 9 runoff events 1973-1975
** Applied each year since 1968 without incorporation
TABLE 4
THE INFLUENCE
OF FERTILIZER P ADDITION ON
"EXTRACTABLE P"
CONTENT OF AN ONTARIO SOIL
   
Fertilizer P Added
"Extractable* P"
(kg
P/ha/7
yr)
(U8
P/g)
0 7
75 9
150 11
300 20
600 44
* Extractable with 0.5N NaHC03.
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TABLE 5
"EXTRACTABLE P" IN AN ONTARIO SOIL FOLLOWING
YEARLY MANURE APPLICATIONS FOR 8 YEARS
 
Extractable P*
Manured Manured NO
Depth Not incorporated Plowed Manure
(cm) (ug P/g)
0—1 110 58 28
1—2 105 52
2—3 95 55
3—4 77 47
4—5 63 63
5-7 45 68
7-9 31 55
9-11 18 65
11—13 17 55
13-15 15 45
  
* Extractable with 0.5 N NaHCO3.
 
TABLE 6
"EXTRACTABLE P" IN SOIL AND SEDIMENT AND DISSOLVED
ORTHOPHOSPHATE CONTENT OF RUNOFF FROM PLOTS
AT GUELPH, ONTARIO
 
 
 
"Extractable P*”
Soil (0—1 cm) Sediment** Dissolved**
Ortho P in
Treatment Range Mean Runoff
----------- (ug/g)-------—-----—- (mg/l)
Manured — not incOrporated 108 100—200 140 1.38
Manured — plowed 57 50—95 63 0.56
No manure 28 44—90 62 0.51
 
* Extractable with 0.5 N NaHCO3
 
** Six storms 1973—1975.
 
 
 TABLE 7 .I‘
,i'
THE EFFECT OF PHOSPHORUS FERTILIZER APPLICATION ON d
"EXTRACTABLE P" IN SEDIMENT AND ON DISSOLVED ORTHOPHOSPHATE y S
IN RUNOFF. (FROM ROMKENS AND NELSON - 1974) '
Extractable P* Dissolved Ortho P i?
Fertilizer P Applied in Sediment in Runoff #9 ‘
(kg/ha) (ug/g) (mg/1) ‘ H
ﬁ‘H
0 14.6 0.07 ‘ H
56
35.4
0.24
I L H
113 57.6 0.44 5‘ “ H
I i‘
l .
‘ ‘ I
  
* Extractable by Bray P.l test (.03 N NHQF + .025 N HCl) j
   
TABLE 8
INFLUENCE OF METHOD OF FERTILIZER APPLICATION 0N
"EXTRACTABLE P" IN SEDIMENT (TIMMONS, BURWELL AND HOLT - 1973)
 
MathOd 0f Application "Extractable P"* in Sediment N
(us/g) A ;
No Fertilizer 20 ? i
Fertilized, plowed and disced 20 W :
Plowed, disced and fertilized 85 I §
‘ L
* Extractable with Bray P. 1 test (.03 N NHgF + .025 N HCl)
  
Plowed, fertilized and disced 30 l
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From
the
above
discussion
it
is
apparent
that
application
of
phosphorus to soil will increase the labile P of the eroded sediment and also
the dissolved orthophosphate of runoff water. However, when one attempts to
relate dissolved orthophosphate in runoff to the Extractable P in the soil,
the relationship is much less clear.
The data presented in Figure 3 are from
samples of runoff collected from farm fields in two small Ontario watersheds.
The area in the field from which the runoff occurred was sampled and the
"Extractable P" was determined. The data illustrates the marked effect of
surface manure on the dissolved P levels. There is, however, no apparent
relationship between dissolved P and extractable P in the soil, even when the
samples from the manured fields are excluded. This is probably due, at least
in part, to the variation from one runoff event to another in the degree of
selectivity in the erosion process. The extractable P content will be greater
in the finer soil particles.
The degree of enrichment in clay and hence the
enrichment of extractable P in the sediment will vary from one event to
another as well as with management practices, thus it is not possible at this
time to predict dissolved P in runoff directly from the extractable P level
in surface soils.
Profitable crop production requires that the available phosphorus
level be increased in most soils which have not previously been fertilized.
There is a level, however, above which no further economic increases in yield
will be obtained. This level varies from crop to crop. Generally, it is
higher for vegetable crops such as potatoes, and tomatoes, than for field
crops such as corn or barley. Thus soils that are used for vegetable crop
production are likely to have a higher available phosphorus content than are
those used for field crop production. This is illustrated by data in Table
9.
There are a number of soil tests that can be used to determine the
available phosphorus content of the soil and hence the fertilizer required
for most profitable yield levels. They provide an effective tool to maintain
the available phosphorus content of the soil at, but not above, the optimum
level. This will assure continued production of high yielding crops while
minimizing the dissolved and total phosphorus content of runoff from agri-
cultural fields.
staARCH NEEDS
We must accept the fact that applications of nitrogen and phosphorus
are essential to sustained production of profitable yeilds. To minimize the
effects of these applications on the nitrogen and phosphorus content of
runoff water we must improve our understanding of the nitrogen and phosphorus
requirement of major crops and of the fate of nitrogen, particularly, when
applied to the soil. This would allow us to better match the nutrient con-
tent of the soil to the needs of the crop, thus avoiding unnecessary levels
in the soil and in runoff.
We must also develop management systems which permit incorporation
of manure and fertilizer into the soil rather than leaving them on the surface
where they are much more subject to the erosional processes.
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 TABLE 9
"EXTRACTABLE P"* LEVELS IN ONTARIO SOILS
IN RELATION TO CROP GROWN
  
3
g ** Test beyond which no further P required
*** Samples submitted to Ontario Soil Testing Laboratory.
‘ June 30, 1975
 
Crop
Optimum Extractable P**
Average Extt1ctab1e P***
>
(pg/g)
(ug/g)
Mixed grain
14
12
Corn
20
18
Tobacco 115 64
Potatoes
60
41
Soybeans
15
18
Tomatoes
60
34
* Extractable with 0.5 N NaHCO
July 1, 1974 -
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 DISCUSSION
Dr. T. Logan: I would like to make a comment. The comment is that I think
we have to be very careful about the emphasis we put on soluble phosphorus
values coming off small watersheds or plots. We have to keep in mind that
the adsorption reaction of phosphorus on sediment is a very rapid process.
I have been doing some thinking on this regarding some of those soils that
are high in available phosphorus. There are some possibilities that may
be happening. One possibility is that on those soils that have appreciable
available phosphorus, we might be seeing for example dicalcium phosphate
that will be dissolved as we get a dilution during the runoff process.
This will produce some of the soluble phosphorus that you are seeing. 0n
looking downstream, you maysee a readsorption phenomenon.
Dr. T. Dickinson: You mentioned looking ahead to suggestions for remedial
work, that one might be able to improve communication systems to get people
to use better fertilizer amounts on their fields.
Carrying this a step further, might it be realistic that
in situations where one is applying manure or sludge, things that release
nutrients more rapidly into surface runoff water, that it may bethat in
certain parts of watersheds there may be fields that are not very directly
connected to the drainage and microdrainage system. There are fields that
for only brief periods of the year might have runoff going into the drainage
systems. In areas like that it might be very safe to carry on certain kinds
of practices. There might be more opportunities to use a variety of manage—
ment practices to be safer. On the other hand there may be parts of a
drainage system near the main channel or very close to connected drainage
systems where the management practices that would be allowable would be
very restricted. In other words, one would have to be much morerestrictive
there. We mentioned that when you startdifferentiating between management
practices on a watershed basis rather than just on a crop basis, there are
going to be some problems telling the farmer over here that he can do these
thin
gs a
nd t
he f
arme
r ov
er h
ere
that
he c
anno
t.
I se
e th
at a
s a
poss
ible
way of looking to remedial measures not just ona crop basis or a soil
basi
s, b
ut e
ven
on a
wate
rshe
d ba
sis
and
how
that
wate
rshe
d ma
y be
rece
ivin
g
things downstream.
Dr.
M. M
ille
r:
Cert
ainl
y in
term
s of
fert
iliz
er u
se
wedo
use
anda
ppar
entl
y
need
to u
se m
uch
more
phos
phor
us o
n so
me c
rops
.
We h
ave
to b
uild
the
soil
phos
phat
e le
vel
up t
o mu
ch h
ighe
r le
vels
on s
ome
crop
s th
an o
ther
s.
If y
ou
coul
d co
ntro
l th
e pr
oduc
tion
of c
rops
to t
hose
cert
ain
area
s, i
t wo
uld
help
.
I think that will be a major undertaking.
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 Anthropogenic Influences of Sediment Quality at a Source.
Metals
G. K. Rutherford
Imowcnou
Erosion and sedimentation are natural, usually gentle, processes
releasing controlled amounts of sediments to receiving waterbodies. Anthro-
pogenic activities have burst into this process and caused far-reaching and
mostly detrimental environmental changes, the extent of which has not yet
been fully appreciated.
Whereas the soluble ionic transport of chemicals is perhaps the
most insidious and dangerous, the object of this paper is to show the myriads
of w
ays
in w
hich
sedi
ment
tran
spor
ted
mate
rial
s ar
e da
magi
ng t
o ou
r wa
y of
life. In particular I will emphasize the so-called heavy metals.
BASIC MATERIALS
As most suspended particleshave been soil materials in the
imme
diat
e pa
st,
it w
ould
seem
appr
opri
ate
to c
onsi
der
some
of t
he b
asic
properties of soil materials.
Soils consist of: (i) skeleton grains which form the virtually
stab
le s
kel
eto
n a
nd
are
gen
era
lly
imm
obi
le
and
unre
acti
ve;
(ii)
pla
sma
or t
he f
ine
reac
tive
and
mobi
le p
arts
;
(iii
) vo
ids
or t
he h
oles
in t
he
soil
and
(iv)
wate
r an
d ga
s.
Alth
ough
plas
ma i
s co
nsid
ered
to b
e th
e
only
soli
d m
ate
ria
l wh
ich
mov
es
inta
ct
thr
oug
h t
he
soil
, b
oth
pla
sma
and
skeleton may be elements in sediment transportation.
The plasma is generally considered to consist of particles less
than
2p i
n mi
nimu
m di
mens
ion
and
the
skel
eton
grea
ter
than
2H b
ut i
n re
alit
y
the
uppe
r s
ize
is
abou
t 1
0p.
In
othe
r wo
rds
the
pla
sma
cons
ists
mai
nly
of
COL
LOI
DAL
MAT
ERI
ALS
or
mat
eri
als
pos
ses
sin
g t
he
pro
per
tie
s o
f c
oll
oid
s —
i.e
.
HAV
ING
SUR
FAC
E C
HAR
GES
, u
sua
lly
neg
ati
ve.
Not
onl
y t
he
INO
RGA
NIC
mat
eri
als
der
ive
d f
rom
roc
ks
but
als
o O
RGA
NIC
mat
eri
als
der
ive
d f
rom
the
des
tru
cti
ve
mic
rob
ial
bre
akd
own
of
for
mer
ly
liv
ing
org
ani
sms
exh
ibi
t t
hes
e
pro
per
tie
s.
Vir
tua
lly
all
fin
ely
com
min
ute
d m
ate
ria
ls
of
col
loi
dal
siz
e
pos
ses
s,
to
som
e d
egr
ee,
thi
s e
lec
tri
c c
har
ge
and
str
ang
ely
eno
ugh
,
amo
rph
ous
mat
eri
als
bot
h o
rga
nic
and
ino
rga
nic
app
ear
to
hav
e t
he
hig
hes
t
cha
rge
s.
The
tot
al
cha
rge
, u
sua
lly
mea
sur
ed
as
abi
lit
y t
o h
old
pos
iti
vel
y
cha
rge
d c
ati
ons
, i
s k
now
n a
s t
he
CAT
ION
EXC
HAN
GE
CAP
ACI
TY
and
thi
s i
s a
spe
cif
ic
pro
per
ty
of
eac
h k
now
n c
omp
oun
d a
nd
of
maj
or
imp
ort
anc
e i
n t
he
understanding of heavy metal transport in suspension.
Soil
mat
eri
als
, m
eas
ure
d u
sing
con
ven
tio
nal
meth
ods,
exh
ibi
t a
mar
ked
tot
al
pos
iti
ve
ele
ctr
ic
char
ge a
lth
oug
h i
t h
as
long
bee
n k
now
n th
at
negative anions may be held or ADSORBED by soil materials. During the
last 125 years many theories to explain this phenomenon have been put
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fo
rw
ar
d.
Si
nc
e
ab
ou
t
19
40
,
th
e
th
eo
re
ti
ca
l
ba
ck
gr
ou
nd
to
an
io
n
ho
ld
in
g
pr
oc
es
se
s
ha
s
be
en
mo
de
st
ly
re
se
ar
ch
ed
bu
t
si
nc
e
19
60
an
d
pa
rt
ic
ul
ar
ly
19
70
th
e
an
io
n
ad
so
rb
in
g
po
we
rs
of
So
il
s
is
at
tr
ac
ti
ng
a
wi
de
r
ci
rc
le
of
in
te
re
st
ed
wo
rk
er
s
an
d
a
ne
w
pa
tt
er
n
of
th
in
ki
ng
ap
pe
ar
s
to
be
de
ve
lo
pi
ng
.
So
il
ma
te
ri
al
s
ar
e
sa
id
to
ha
ve
th
e
pr
op
er
ty
of
IO
NI
C
EX
CH
AN
GE
:
in
ot
he
r
wo
rd
s
th
e
ad
so
rb
ed
io
ns
ma
y
be
ex
ch
an
ge
d
by
ot
he
r
io
ns
an
d
th
er
e
ap
pe
ar
to
be
th
re
e
ma
jo
r
cr
it
er
ia
de
te
rm
in
in
g
if
an
io
n
wi
ll
be
he
ld
or
ex
ch
an
ge
d
on
a
co
ll
oi
da
l
bo
dy
.
Mo
st
he
av
y
me
ta
ls
go
in
to
so
lu
ti
on
as
in
di
vi
du
al
ca
ti
on
s,
co
mp
le
x
an
io
ns
,
or
ca
ti
on
s
in
a
va
ri
et
y
of
fo
rm
s.
Th
es
e
pa
ra
me
te
rs
ar
e
ge
ne
ra
ll
y
co
ns
id
er
ed
to
be
:
io
ni
c
ch
ar
ge
,
io
ni
c
ra
di
us
an
d
de
gr
ee
of
hy
dr
at
io
n.
Th
us
,
in
so
il
s,
ca
ti
on
s
te
nd
to
be
bo
nd
ed
by
va
n
de
r
Wa
al
s—
ty
pe
fo
rc
es
to
th
e
"p
ar
en
t"
co
ll
oi
d
wh
il
st
an
io
ns
ge
ne
ra
ll
y
ar
e
mo
re
la
bi
le
an
d
mo
ve
th
ro
ug
h
an
d
ou
t
of
th
e
so
il
bo
dy
wi
th
dr
ai
na
ge
wa
te
rs
.
Th
e
co
nc
en
tr
at
io
ns
of
PO
t,
SO
Q,
N0
3
an
d
C1
in
la
ke
an
d
ot
he
r
wa
te
r
bo
di
es
,
th
e
ca
us
es
of
eu
tr
op
hi
ca
ti
on
,
ar
e
a
di
re
ct
re
su
lt
of
th
is
.
SOIL FORMING PROCESSES
If
,
in
de
ed
,
se
di
me
nt
s
ha
ve
pa
ss
ed
th
ro
ug
h
a
so
il
st
ag
e
it
is
th
en
ap
pr
op
ri
at
e
to
ex
am
in
e
br
ie
fl
y
th
e
ra
mi
fi
ca
ti
on
s
of
so
il
fo
rm
in
g
pr
oc
es
se
s
fo
r
se
di
me
nt
ar
y
re
ac
ti
on
s.
Am
on
gs
t
ot
he
r
th
in
gs
,
th
e
so
il
forming processes tend to:
(a
)
pr
od
uc
e
fi
ne
r
in
or
ga
ni
c
an
d
or
ga
ni
c
pa
rt
ic
le
s
—
i.
e.
mo
re
colloids;
(b) form neoformations.
(1
)
In
or
ga
ni
c.
Th
es
e
ar
e
fo
rm
ed
by
th
e
as
so
ci
at
io
n
of
io
ns
in
so
lu
ti
on
to
fo
rm
a
ne
w
in
so
lu
bl
e
ma
te
ri
al
:
2M
+
xS
i
+
yO
+
[M
z
Si
x
0Y
]_
gi
ve
s
ne
w
si
li
ca
te
mi
ne
ra
ls
or
i
mo
re
si
mp
ly
Mg
+
Ca
+
C0
2
+
Ca
Mg
CO
a.
If
th
es
e
ne
w
fo
rm
at
io
ns
ar
e
of
co
ll
oi
da
l
di
me
ns
io
ns
th
ey
wi
ll
ac
qu
ir
e
a
ne
ga
ti
ve
ch
ar
ge
.
Ho
we
ve
r
th
er
e
is
a
ve
ry
im
po
rt
an
t
ex
ce
pt
io
n
to
th
is
an
d
that is the sesquioxides:
Fe + on [Fe(0H)3]+
i
or Al + 0H [Al(OH)3]+
¢
an
d
th
er
e
ar
e
al
l
ma
nn
er
of
va
ri
at
io
ns
ov
er
th
e
ab
ov
e
th
em
e
in
as
mu
ch
as
th
e
fi
na
l
pr
od
uc
t
ma
y
ha
ve
a
ve
ry
va
ri
ab
le
co
mp
os
it
io
n.
Th
e
sa
me
pr
oc
es
s
in
vo
lv
es
su
ch
el
em
en
ts
as
Mn
,
Cr
an
d
V.
Th
es
e
ne
of
or
ma
ti
on
s,
pa
rt
ic
ul
ar
ly
in
th
e
ca
se
of
Fe
,
gi
ve
so
il
it
s
ch
ar
ac
te
ri
st
ic
ra
ng
e
of
co
lo
ur
s
fr
om
th
e
tr
op
ic
s
to
th
e
Ar
ct
ic
.
Th
e
se
sq
ui
ox
id
e
ne
of
or
ma
ti
on
s
ar
e
ch
ar
ac
te
ri
st
ic
al
ly
PO
SI
TI
VE
LY
ch
ar
ge
d
an
d
am
or
ph
ou
s
in
na
tu
re
wh
en
fo
rm
ed
.
Wi
th
th
e
pa
ss
ag
e
of
ti
me
,
th
es
e
be
co
me
cr
ys
ta
ll
in
e
an
d
ch
an
ge
th
ei
r
ch
ar
ge
sl
ow
ly
to
ne
ga
ti
ve
an
d
ma
y
be
co
me
qu
it
e
st
ro
ng
ly
ne
ga
ti
ve
ly
ch
ar
ge
d.
Th
e
or
ig
in
of
th
is
ne
ga
ti
ve
ch
ar
ge
in
so
il
s
is
th
or
ou
gh
ly
ex
pl
or
ed
an
d
kn
ow
n.
Th
e
pr
oc
es
s
of
po
si
ti
ve
ad
so
rp
ti
on
on
to
si
li
ca
te
co
ll
oi
ds
is
sti
ll
lar
gel
y
spe
cul
ati
ve.
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 (ii) Organic. The soil forming processes tend to destroy recently dead
plant and animal tissue and form, amongst other things, strongly complexed
compounds with metallic cations. The chelates with EDTA* are perhaps the
best known and understood and occur in ionic and colloidal dimensions.
These compounds commonly enhance the passage of elements such as Zn, Cu,
Fe through soils and are said to SEQUESTER these elements. When these
organic compounds are broken down by microbial attack the metals become
available for recomplexing or precipitation. In the sequestering process
the
meta
l ma
y si
mply
be e
nmes
hed
or s
urro
unde
d by
the
rest
of t
he l
ong—
chain molecule(s).
(iii) Weak combination bonding. In the generation of neoformations some
meta
l ca
tion
s by
virt
ue o
f si
ze,
char
ge o
r hy
drat
ion
may
be "
drag
ged"
(sed
uced
?)
into
a lo
ose
asso
ciat
ion
with
anot
her
comp
ound
such
as i
ron
hyd
rox
ide
(oxi
de).
Alt
hou
gh
this
bon
din
g m
ay
be
loos
e,
the
heav
y m
eta
l
elem
ents
are
str
ong
ly
occ
lud
ed
into
the
newl
y f
orme
d c
ompo
und.
Our
col—
leag
ues
in e
xplo
rati
on g
eoch
emis
try
call
ed
this
SCAV
ENGI
NG.
Wher
eas
the
pro
ces
s i
s b
y no
mea
ns
as
simp
le
as
I ha
ve
impl
ied,
it i
s e
xtr
eme
ly
impo
rtan
t i
n t
he
con
cen
tra
tio
n o
f m
any
ele
men
ts
in
com
pou
nds
of
othe
r
elem
ents
.
The
exam
ples
of
Cr
and
Co
alt
hou
gh
at
dif
fer
ent
ends
of
the
sca
le
are
ess
ent
ial
ly
sim
ila
r.
The
con
cen
tra
tio
n o
f C
r i
n l
ate
rit
es
is
th
ou
gh
t
to
be
du
e
to
th
is
pr
oc
es
s.
WHY THE CONCERN Aswr HEAW ﬁrms?
In order to understand the concern about heavy metals, reference
mus
t b
e m
ade
to
the
nut
rit
ion
of
ani
mal
s a
nd
pla
nts
.
N,
P,
K a
re
kno
wn
as
MAC
RON
UTR
IEN
TS
and
mus
t b
e f
ed
to p
lan
ts
at
the
rate
of
1 kg
/ha;
Ca,
and
Mg
are
int
erm
edi
ate
whi
lst
Zn,
Co,
Cu,
1, F
, B
, e
tc.,
are
the
so
call
ed
tra
ce
or
MIC
RON
UTR
IEN
TS
and
are
fed
to
pla
nts
as
g/h
a.
The
hea
vy
met
als
fal
l i
n t
he
mic
ron
utr
ien
t c
ate
gor
y a
nd
man
y o
f t
hes
e a
re
ess
ent
ial
for
plan
t,
ani
mal
and
hum
an
grow
th.
Wha
t i
s o
ne
grou
p's
food
is
ano
the
r g
rou
p's
pois
on.
Some
trac
e e
lem
ent
s a
re
ess
ent
ial
for
plan
t g
row
th
in
gen
era
l wh
ils
t
thes
e m
ay
not
all
be
ess
ent
ial
for
hum
an
grow
th
and
vice
vers
a.
Na
is
a
good
exa
mpl
e o
f o
ne
of
thes
e.
The
trac
e (
heav
y)
met
als
are
ess
ent
ial
for
one
or
man
y me
tab
oli
c f
unct
ions
in p
lan
ts
and/
or a
nima
ls.
Fe
is e
sse
nti
al
for
bloo
d f
orma
tion
, M
g i
s ne
ede
d f
or
chlo
roph
yll,
V i
s p
art
of
cho
les
ter
ol
synt
hesi
s a
nd
Cr
is
nee
ded
for
gluc
ose
synt
hesi
s.
Def
ici
enc
y i
n 3
caus
es
cau
lif
low
er
to
mal
for
m a
nd
def
ici
enc
y o
f M
o i
nhi
bit
s t
he
nit
rog
en
fix
ing
bac
ter
ia,
cau
ses
whi
te
mus
cle
dis
eas
e i
n f
owl
s a
nd
pro
bab
ly
pla
ys
a r
ole
in multiple sclerosis in humans.
It
is
a c
omm
on
und
ers
tan
din
g t
hat
def
ici
enc
y d
ise
ase
s a
re
a
fun
cti
on
of
a l
ack
of
a n
utr
ien
t i
n t
he
gro
wth
med
ium
, h
owe
ver
,
it
is
egu
all
y l
ike
ly
to
be
a f
unc
tio
n o
f I
ON
ANT
AGO
NIS
M b
y w
hic
h p
roc
ess
the
exc
ess
of
one
ele
men
t m
ay
cau
se
a d
efi
cie
ncy
of
ano
the
r.
Zn
app
ear
s t
o b
e
ant
ago
nis
tic
(an
d v
ice
ver
se)
to
Ca,
Cu,
Se
and
Cd
so
tha
t e
xce
ss
amo
unt
s
of
thi
s e
lem
ent
in
ind
ust
ria
l w
ast
e w
ate
rs
wil
l c
aus
e d
efi
cie
ncy
dis
eas
es
ass
oci
ate
d wi
th
the
othe
r e
leme
nts.
Veg
eta
ble
s i
n B
rit
ish
Col
umb
ia
in
the
same
area
sho
wed
dif
fer
enc
es
of
elem
ent
cont
ent
of
up
to
500
time
s,
sho
win
g
extreme differences in microenvironmental conditions.
*
Ethylene diamine tetra—acetate
  
L
o
w
p
H
i
n
s
o
i
l
s
m
a
y
c
a
u
s
e
A
l
,
w
h
i
c
h
i
s
n
o
r
m
a
l
l
y
v
e
r
y
s
t
a
b
l
e
g
e
o
c
h
e
m
i
c
a
l
l
y
,
t
o
g
o
i
n
t
o
s
o
l
u
t
i
o
n
.
A
t
a
p
H
l
e
s
s
t
h
a
n
3
o
n
e
i
s
m
e
a
s
u
r
i
n
g
p
A
l
r
a
t
h
e
r
t
h
a
n
p
H
.
A
l
i
s
e
x
t
r
e
m
e
l
y
p
o
i
s
o
n
o
u
s
t
o
p
l
a
n
t
s
a
n
d
a
n
i
m
a
l
s
a
s
w
i
t
n
e
s
s
e
d
b
y
t
h
e
f
a
i
l
u
r
e
o
f
j
u
t
e
i
n
G
u
y
a
n
a
.
I
f
h
e
a
v
y
m
e
t
a
l
s
a
r
e
t
r
a
n
s
p
o
r
t
e
d
b
y
s
e
d
i
m
e
n
t
s
a
n
d
d
e
p
o
s
i
t
e
d
b
y
i
r
r
i
g
a
t
i
o
n
w
a
t
e
r
s
,
a
s
f
l
o
o
d
w
a
t
e
r
s
,
i
n
c
h
a
n
n
e
l
a
n
d
s
t
r
e
a
m
b
o
t
t
o
m
s
,
i
t
i
s
n
o
t
u
n
l
i
k
e
l
y
t
h
a
t
t
h
e
n
e
w
e
n
v
i
r
o
n
m
e
n
t
m
a
y
g
i
v
e
r
i
s
e
t
o
c
o
n
d
i
t
i
o
n
s
w
h
i
c
h
d
i
v
o
r
c
e
t
h
e
e
l
e
m
e
n
t
f
r
o
m
i
t
s
p
a
r
e
n
t
S
e
d
i
m
e
n
t
a
n
d
a
l
l
o
w
i
t
t
o
c
i
r
c
u
l
a
t
e
i
n
s
o
i
l
o
r
p
l
a
n
t
n
u
t
r
i
e
n
t
s
o
l
u
t
i
o
n
w
h
e
r
e
i
t
s
r
a
m
i
f
i
c
a
t
i
o
n
s
a
n
d
m
i
s
c
h
i
e
f
m
a
y
be far-reaching.
A
N
T
H
R
O
P
O
G
E
N
I
C
S
O
U
R
C
E
S
O
F
H
E
A
W
V
E
T
A
L
S
(
A
N
D
P
R
O
C
E
S
S
E
S
A
F
F
E
C
T
I
N
G
T
H
E
I
R
D
I
S
T
R
I
B
U
T
I
O
N
I
N
S
E
D
I
M
E
N
T
T
R
A
N
S
P
O
R
T
)
S
o
m
e
o
f
t
h
e
m
a
j
o
r
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
a
n
t
s
a
n
d
t
h
e
i
r
r
e
l
a
t
i
o
n
s
h
i
p
t
o
s
e
d
i
m
e
n
t
t
r
a
n
s
p
o
r
t
w
i
l
l
n
o
w
b
e
b
r
i
e
f
l
y
d
i
s
c
u
s
s
e
d
.
T
h
e
r
o
l
e
o
f
t
h
e
t
r
a
n
s
p
o
r
t
m
e
d
i
u
m
a
n
d
t
h
e
s
p
e
c
i
a
l
i
n
f
l
u
e
n
c
e
o
f
t
h
e
s
o
u
r
c
e
w
i
l
l
b
e
b
r
o
u
g
h
t
o
u
t
.
T
h
e
f
o
l
l
o
w
i
n
g
m
a
n
—
s
p
o
n
s
o
r
e
d
s
o
u
r
c
e
s
o
f
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(b) Animal metabolic processes. The many stomach forms of the different
domestic animals result in slight variations of the same effects as in
(a) above but in general the same tendencies hold. The soil, and partic-
ularly soils with welldeveloped A horizons have an admirable ability to
adsorb and process animal manures of a carrying capacityup to 200 times
that of common mixed-agriculture. However feed—lot agriculture is based
on carrying capacities far higher than these. Many if not most feed lots
are sited along or close to waterways. The surface soils soon become
trodden and impermeable so that virtually all runoff fromthe lot empties
into the waterway. Well fermented cattle manure from the ruminant stomach
must provide about the best imaginable source of transportable sediment-
borne heavy mineral pollutants. Most of the recorded fish kills are
likely primarily and indirectly a function of excess dissolved nutrients.
(c) Domestic waste disposal. Most domestic waste is still entered in the
soil: in the case of incineration pyrolysis and other "refining" processes
a treated product is still placed in earth materials. The many studies
which have been done on the composition of municipal garbage show the
extreme range of composition from place to place and even fromday to day.
However a great amount of heavy metals, in an unsuspected variety of
forms, from additives to paper, tires and paint, through the agencies of
microorganisms and decomposition processes may come into solution as
simple or complex ions and gain access to the groundwater and become
potential hazards. However, the passage and transport of these ions is
affected by sediment transport under only two conditions:
(i) when the entombing material is very coarse so that water may
move relatively unimpeded through it, and
(ii) during the process of infilling when the spoil material may
be washed by rain or by runoff, sediment transport may remove
certain heavy metalcations particularly in readily available
form such as battery acid and metal pickling solutions.
(d) Industrial waste disposal. Industrial waste disposal concerns indus-
tries which discard waste in: (1) liquid form or (11) solid form. In
general the same factors play their role in breakdown and transport as
has been described above. Any industrial waste which carries finely
divided materials, be it silicates or iron filings, will operate more or
less as a colloidal system. The nature of the colloidal "host" will be
the determining factor in how long and how effectively the heavy metal
element is bound in sediment or is liberated. Host colloids which are
broken down by organisms either in an oxidizing or reducing environment
will liberate the heavy metal in a potentially hazardous form at an earlier
stage than otherwise.
Two host colloids worthy of note in this connection are: (i)
tailings from ore refining processes and crushed products of coal, cement
and (ii) fertilizer industries, although the same conditions will be
obtained in any refining process which uses finely comminuted material.
At Sudbury, for instance, The International Nickel Company
produces some 35,000 tons of tailings per day which are fed into large
tailings lakes. The average size of these tailings is about 30u and thus
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‘ smelting methods helped by modern legislation have seemed to reduce the
access of active particles to colloids for transport. The future danger
will be more from dissolved ionic materials than from transported materials.
However, in the past, the smoke plumes and precipitation killed vegetation
and have bared the soil surface so that active erosion could take place.
The less refined pollutants landing on the surface would be adsorbed first
to organic colloids and transported by waterways. Cation exchange processes
may then obtain and cause heavy metal cations to become available as
poisons or growth inhibitors.
(h) Precipitation. Although precipitation has long been known to be far
from pure near cities and industrial areas it is only recently that detailed
studies of the amounts of metals being deposited have been undertaken. It
is perhaps in Norway that the most prolific information is available. In
recent years, pollution from rainfall has driven salmonand trout from
most rivers in the south of the country. The primary effects of this
precipitation in most places in North America will be found in solution in
rivers and streams and in vegetation changes. This factor, although
important, will have little apparent influence on sediment transportation.
However in more arid regions with markeddry seasons, this precipitation
factor may play an important if not critical role due to heavy metal
transportation by sediments.
(1) Automobiles. The addition of lead tetraethyl as an antiknock compound
in gasoline has occurred since the early 1930's. A great deal of research
has been done on soils and vegetation along highways. Most of the research
has produced a self—evident result —- the soils are high in adsorbed lead.
Notwithstanding the possible high lead contents of vegetables, this lead
has remained rather stable. Only when road extensions and widening take
place does erosion remove the lead adsorbed on colloids. Two other previously
unconsidered elements are Cd'and Zn in automobile tires: both elements have
been found in conspicuously high amounts near highways. Thextensive use
of de-icing salts may cause cation exchange reactions which liberate, temp—
orarily at least, these three elements in ionic form. Lubrication oils have
also been found to have significant amounts of both Cd and Zn.
FUTURE RESEARCH NEEDS
Naturally my suggestions will be chauvanistic. However in
addition to the present data collecting research efforts which must continue,
I would submit that the following are worthy of support.
1. The nature, species and charge properties of suspension
transported colloids.
2. Phase relationships between adsorbed and solution ions in stream
channels.
3. The nature of the heavy metals and all ions being transported
by sediments.
A. Laboratory studies on negative (anionic) adsorption.
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Regional Overview of the Impact of Land Use on Water Quality
A. D. McEZrOy
INTRODUCTION
Midwest Research Institute was given the task in mid 1974 of
conducting a national assessment of nonpoint source pollution for the
U.S. Environmental Protection Agency. The program had two phases. In
Phase I, loading functions for estimation of nonpoint pollution loadings
were developed. In Phase II, these functions were employed to calculate
pollutant loadings on a national basis. The loadings were calculated
and reported for minor basins, major basins, the 48 states, and the
continental United States. In addition, loadings were aggregated for
each of the 10 federal (EPA) regions.
We were asked to develop loading functions based on "available"
data. This meant generally that the more sophisticated models under
development were not appropriate, sinCe these usually requirev ry
detailed information which is not available to the user. Further, such
models require a sophistication in use which usually is beyond the
capabilities of the personnel involved in nonpoint planning and to whom
the functions were directed.
A further constraint consisted of, in most cases, steering clear
of determining the impacts of nonpoint pollution on water quality. We
thus estimated delivered loads, but did not estimate the resultant impacts
on water quality. It goes without saying that this represents a major
void which must be filled it we are to develop a good picture of the
impacts of nonpoint pollution.
PROGRAM DESCRIPTION
The program included analysis of natural background nonpoint pol—
lution, i.e., pollution obtained in the absence of modern man's influences.
One can readily appreciate that such a state is not easy to define, nor is
it a simple matter to develop natural or background loadings which can be
rigorously defended. Nevertheless, activities in this area have yielded
results which are interesting and one of the most informative comparisons
involves background and the present disturbed state.
The loading functions developed and used on the program relied
heav
ily
on s
oil
loss
from
eros
ion
as a
buil
ding
bloc
k.
Soil
loss
can
be described and estimated with reasonable accuracy by existing equations,
for which a large body of data is in existence. If one assumes that bulk
loadings (or total loadings) of nitrogen, phosphorus, and organic matter
can be related simply to soil concentrations of these pollutants, then
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 impacts occur when a natural condition in a high rainfall area is
exte
nsiv
ely
dist
urbe
d (a
s in
cons
truc
tion
) a
nd t
hat
the
same
acti
vity
can
have a small relative impact in arid and semi—arid regions.
CONCLUSIONS
 
Conclusions generally supported by the results are as follows:
* It is immediately apparent that loads of sediment, nutrient
elements, and BOD are proportional, as one might predict, to
the extent that land has been converted from its natural
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d c
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n b
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e
d
i
m
e
n
t
s
a
r
e
c
a
l
c
u
l
a
t
e
d
t
o
b
e
m
a
j
o
r
i
n
q
u
a
n
t
i
t
y
r
a
t
h
e
r
t
h
a
n
"
t
r
a
c
e
"
a
s
o
n
e
m
i
g
h
t
i
n
t
u
i
t
i
v
e
l
y
e
x
p
e
c
t
.
W
e
a
r
e
n
o
t
c
e
r
t
a
i
n
w
h
a
t
l
e
s
s
o
n
s
c
a
n
b
e
l
e
a
r
n
e
d
o
r
w
h
a
t
c
o
n
c
l
u
s
i
o
n
s
c
a
n
b
e
d
r
a
w
n
.
i
t
i
s
c
l
e
a
r
l
y
e
v
i
d
e
n
t
t
h
a
t
l
a
r
g
e
q
u
a
n
t
i
t
i
e
s
o
f
h
e
a
v
y
m
e
t
a
l
s
a
r
e
d
e
l
i
v
e
r
e
d
t
o
s
u
r
f
a
c
e
w
a
t
e
r
s
,
e
i
t
h
e
r
f
r
o
m
t
h
e
n
a
t
u
r
a
l
o
r
m
a
n
-
d
i
s
t
u
r
b
e
d
s
t
a
t
e
s
o
f
r
u
r
a
l
l
a
n
d
s
,
a
n
d
t
h
a
t
t
h
e
s
e
c
o
n
s
t
i
t
u
t
e
a
h
i
g
h
b
a
c
k
g
r
o
u
n
d
a
g
a
i
n
s
t
w
h
i
c
h
l
o
a
d
s
f
r
o
m
p
o
i
n
t
s
o
u
r
c
e
s
s
h
o
u
l
d
b
e
v
i
e
w
e
d
a
n
d
i
n
t
e
r
p
r
e
t
e
d
.
T
h
e
o
v
e
r
a
l
l
r
e
s
u
l
t
s
o
f
t
h
e
a
s
s
e
s
s
m
e
n
t
a
r
e
r
a
t
h
e
r
c
r
u
d
e
l
y
i
n
t
e
r
p
r
e
t
a
b
l
e
i
n
t
e
r
m
s
o
f
t
h
e
b
a
s
i
c
p
h
y
s
i
c
a
l
/
c
h
e
m
i
c
a
l
c
h
a
r
a
c
t
e
r
—
i
s
t
i
c
s
o
f
t
h
e
l
a
n
d
a
n
d
w
a
t
e
r
,
a
n
d
o
f
c
l
i
m
a
t
e
.
P
e
r
h
a
p
s
t
h
e
s
i
m
p
l
e
s
t
e
x
a
m
p
l
e
i
s
m
i
n
e
d
r
a
i
n
a
g
e
,
w
h
i
c
h
i
s
a
f
u
n
c
t
i
o
n
o
f
b
o
t
h
t
h
e
c
a
p
a
c
i
t
y
o
f
a
r
e
g
i
o
n
t
o
g
e
n
e
r
a
t
e
a
c
i
d
a
n
d
i
t
s
c
a
p
a
c
i
t
y
t
o
n
e
u
t
r
a
l
i
z
e
t
h
e
a
c
i
d
—
-
t
h
e
w
e
s
t
e
r
n
c
o
a
l
m
i
n
i
n
g
r
e
g
i
o
n
s
h
a
v
e
a
h
i
g
h
n
e
u
t
r
a
l
i
z
i
n
g
c
a
p
a
c
i
t
y
,
w
h
i
l
e
t
h
e
e
a
s
t
e
r
n
r
e
g
i
o
n
s
d
o
n
o
t
.
S
i
m
i
l
a
r
l
y
,
r
e
l
a
t
i
o
n
s
h
i
p
s
b
e
t
w
e
e
n
d
e
l
i
v
e
r
e
d
l
o
a
d
s
o
f
n
u
t
r
i
e
n
t
s
a
n
d
B
O
D
,
a
n
d
o
b
s
e
r
v
e
d
b
u
r
d
e
n
s
o
f
t
h
e
s
e
s
a
m
e
p
o
l
l
u
t
a
n
t
s
i
n
d
i
c
a
t
e
t
h
a
t
s
u
r
f
a
c
e
w
a
t
e
r
s
d
i
f
f
e
r
a
c
r
o
s
s
t
h
e
c
o
u
n
t
r
y
i
n
a
s
s
i
m
i
l
a
t
i
v
e
/
u
s
e
c
a
p
a
c
i
t
i
e
s
.
T
h
e
r
e
l
a
t
i
v
e
p
r
o
p
o
r
t
i
o
n
s
o
f
t
h
e
s
e
p
o
l
l
u
t
a
n
t
s
f
u
r
t
h
e
r
i
n
d
i
c
a
t
e
t
h
a
t
e
u
t
r
o
p
h
i
c
a
t
i
o
n
p
r
o
c
e
s
s
e
s
c
a
n
b
e
e
x
p
e
c
t
e
d
t
o
f
o
l
l
o
w
a
f
a
i
r
l
y
s
y
s
t
e
m
a
t
i
c
t
r
e
n
d
a
s
o
n
e
p
r
o
c
e
e
d
s
f
r
o
m
l
o
w
r
a
i
n
f
a
l
l
t
o
h
i
g
h
r
a
i
n
f
a
l
l
r
e
g
i
o
n
s
.
F
i
n
a
l
l
y
,
i
t
i
s
u
s
u
a
l
l
y
t
r
u
e
t
h
a
t
n
o
n
p
o
i
n
t
l
o
a
d
s
o
f
p
o
l
l
u
t
a
n
t
s
a
r
e
s
u
b
s
t
a
n
t
i
a
l
l
y
i
n
e
x
c
e
s
s
o
f
i
n
—
s
t
r
e
a
m
b
u
r
d
e
n
s
.
O
n
e
c
o
n
c
l
u
d
e
s
t
h
a
t
i
t
i
s
i
m
p
e
r
a
t
i
v
e
t
h
a
t
a
b
e
t
t
e
r
u
n
d
e
r
s
t
a
n
d
i
n
g
b
e
d
e
v
e
l
o
p
e
d
o
f
t
h
e
n
a
t
u
r
e
o
f
a
s
s
i
m
i
l
a
t
i
o
n
o
f
t
h
e
s
e
p
o
l
l
u
t
a
n
t
s
,
i
n
c
l
u
d
i
n
g
a
d
s
o
r
p
t
i
o
n
o
n
s
e
d
i
m
e
n
t
s
o
r
t
r
a
p
p
i
n
g
o
u
t
i
n
s
e
d
i
m
e
n
t
s
,
e
q
u
i
l
i
b
r
i
a
b
e
t
w
e
e
n
s
e
d
i
m
e
n
t
s
a
n
d
w
a
t
e
r
,
c
h
e
m
i
c
a
l
a
n
d
b
i
o
l
o
g
y
p
r
o
c
e
s
s
e
s
,
a
n
d
t
r
a
n
s
p
o
r
t
p
r
o
c
e
s
s
e
s
.
/
+
.
N
a
t
i
o
n
a
l
C
o
m
m
i
t
t
e
e
o
n
W
a
t
e
r
Q
u
a
l
i
t
y
.
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U.S.
II.
111. Pennsylvania, Delaware, Virginia, West Virginia, Maryland
IV.
V.
VI.
VII.
VIII.Colorado, Montana, North and South Dakota, Utah, Wyoming
IX.
X.
 
    
  
   
ﬁ
e
n
d
"
,
.
,
:
“
a
n
e
w
:
EPA REGIONS
Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode
Island.
New York, New Jersey
Kentucky, Tennessee, North and South Carolina, Georgia, Mississippi,
Alabama, Florida
Ohio, Illinois, Indiana, Michigan, Wisconsin, Minnesota
Arkansas, Louisiana, Oklahoma, Texas, New Mexico
Iowa, Kansas, Missouri, Nebraska
Arizona, California, Hawaii, Nevada
Alaska, Idaho, Oregon, Washington
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DISCUSS ION
Dr.
D. H
uff:
One
of
the
thin
gs
that
I ha
ve
been
inte
rest
ed
in,
par
tic
ula
rly
in
some
of
the
earl
ier
dis
cus
sio
ns
this
morn
ing,
is
the
dir
ect
ion
that
I he
ard
peo
ple
tak
ing
fro
m t
he
lar
ger
to
the
sma
lle
r p
roc
ess
ori
ent
ed
kin
ds
of
stu
die
s.
Cer
tai
nly
the
re
is
a l
ot
of
det
ail
inv
olv
ed
in
tho
se
thi
ngs
, b
ut
in
eff
ect
Wha
t y
ou
hav
e d
one
is
to
go
the
oth
er
way
; t
ryi
ng
to
sum
mar
ize
on
the
bas
is
of
exi
sti
ng
inf
orm
ati
on
wha
t o
ne
can
say
abo
ut
a v
ery
lar
ge
are
a a
nd,
in
par
-
tic
ula
r,
you
r l
ast
com
men
ts
abo
ut
thi
ngs
lik
e c
oef
fic
ien
ts
for
met
abo
lis
m;
say
org
ani
c m
ate
ria
ls
in
the
str
eam
.
On
a l
arg
e s
cal
e t
his
may
be
som
eth
ing
you
mig
ht
com
men
t o
n.
Per
hap
s y
ou
cou
ld
be
a l
itt
le
mor
e s
pec
ifi
c a
bou
t t
he
kin
ds
of
thi
ngs
tha
t y
ou
saw
as
nee
ds
at
tha
t
sca
le.
Dr.
A.
McE
Zro
y:
Wel
l,
I d
on'
t k
now
tha
t t
hos
e p
art
icu
lar
nee
ds
are
uni
que
to
a l
arg
e s
cal
e.
I t
hin
k t
hey
app
ly
to
wha
tev
er
sca
le
you
hap
pen
to
be
wor
kin
g
at.
I t
hin
k w
e h
ave
pro
bab
ly
see
n
som
e r
ath
er
gro
ss
man
ife
sta
tio
ns
of
wha
t
the
se
pro
ble
ms
are
,
tha
t
is
dif
fer
enc
es
bet
wee
n b
urd
ens
and
loa
ds,
tha
t o
ne
doe
s n
ot
acc
oun
t f
or
ver
y r
ead
ily
.
We
pro
bab
ly
jus
t i
llu
str
ate
d o
r m
ani
fes
ted
the
se
que
sti
ons
,
and
I w
oul
d
thi
nk
for
the
lar
ge
are
as
you
hav
e e
sse
nti
all
y
the
sam
e n
eed
for
thi
s k
ind
of
inf
orm
ati
on
as
you
do
for
sma
ll
are
as.
You
nee
d m
uch
mor
e s
pec
ifi
c
inf
orm
ati
on,
I s
usp
ect
, f
or
sma
ll
are
as
bec
aus
e y
ou
are
dea
lin
g w
ith
a m
uch
mor
e s
pec
ifi
c s
itu
ati
on
whi
ch
you
wan
t t
o m
oni
tor
pre
cis
ely
,
and
you
don
't
nec
ess
ari
ly
nee
d t
he
kin
d o
f d
eta
il
tha
t y
ou
wou
ld
nee
d
if
you
we
re
an
al
yzi
ng
a l
arg
er
are
a.
Mr.
J.
Cul
ber
tso
n:
Ple
ase
exp
lai
n t
o m
e w
hat
an
acr
e b
urd
en
is.
You
hav
e
thr
own
in
thi
s t
erm
bur
den
.
I c
an'
t
qui
te
und
ers
tan
d t
hat
in
the
ter
ms
you
have used.
Dr.
A.
McE
Zro
y:
I s
hou
ld
hav
e d
efi
ned
it
ear
lie
r.
We
def
ine
a b
urd
en
as
it
rel
ate
s t
o t
he
act
ual
qua
nti
ty
of
a p
oll
uta
nt
whi
ch
is
in
a s
tre
am.
We
def
ine
tha
t
as
a b
urd
en
rat
her
tha
n a
loa
d
for
our
pur
pos
es.
In
a s
ens
e
it
is
not
dif
fer
ent
fro
m a
loa
d,
but
we
mad
e
tha
t
dis
tin
cti
on
bec
aus
e,
in
wha
t
we
cal
l
the
str
eam
—to
—so
urc
e m
eth
ods
,
you
sta
rt
wit
h w
hat
is
a b
urd
en,
or
loa
d
if
you
wis
h
to
cal
l i
t
tha
t,
in
the
str
eam
and
you
try
to
wor
k
bac
kwa
rd
to
the
sou
rce
.
Whe
n
it
got
alo
ng
the
way
we
fou
nd
tha
t t
he
loa
ds
tha
t
we
cal
cul
ate
d
goi
ng
fro
m a
sou
rce
to
a s
tre
am
met
hod
wer
e
con
sid
era
bly
lar
ger
,
so
we
sim
ply
dev
elo
ped
thi
s
dis
tin
cti
on
bet
wee
n a
bur
den
and
a l
oad
.
Bur
den
ref
ers
to
tha
t
qua
nti
ty
whi
ch
act
ual
ly
exi
sts
in
the
str
eam
as
det
ect
ed
by
sam
pli
ng
the
wat
er.
In
thi
s
cas
e,
we
cal
l
it
an
acr
e b
urd
en.
It
is
a q
uan
tit
y
of
pol
lut
ant
whi
ch
exi
sts
in
a s
tre
am
whi
ch
we
att
rib
ute
to
an
acr
e o
f
sou
rce
,
as
op
po
se
d
to
an
acr
e
loa
d w
hi
ch
is
tha
t
qua
nti
ty
wh
ic
h
is
de
li
ver
ed
to
a
stream from an acre of source.
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 Dr
.
D.
Ba
ke
r:
Fo
r
al
l
of
yo
ur
lo
ad
in
g
ca
lc
ul
at
io
ns
yo
u
us
e
a
de
li
ve
ry
ra
ti
o,
an
d
I
am
wo
nd
er
in
g
to
wh
at
po
in
t
yo
u
ar
e
de
li
ve
ri
ng
th
es
e
lo
ad
s
wh
en
yo
u
ar
e
ad
di
ng
up
da
ta
fo
r
co
un
ti
es
,
st
at
es
or
re
gi
on
s.
Dr
.
A.
Mc
EZ
ro
g:
We
de
ve
lo
pe
d
a
de
li
ve
ry
fa
ct
or
wh
ic
h
is
ba
se
d
on
st
re
am
de
ns
it
ie
s
an
d
up
on
so
il
te
xt
ur
es
an
d
th
es
e
de
li
ve
ry
fa
ct
or
s
we
re
de
ve
lo
pe
d
on
a
la
nd
re
so
ur
ce
ar
ea
.
In
ot
he
r
wo
rd
s,
we
di
d
no
t
de
ve
lo
p
de
li
ve
ry
fa
ct
or
s
wh
ic
h
we
re
sp
ec
if
ic
to
a
co
un
ty
;
ra
th
er
,
we
as
si
gn
ed
a
de
li
ve
ry
fa
ct
or
fo
r
a
bi
g
re
gi
on
to
a
co
un
ty
.
We
ar
e
re
lu
ct
an
t
to
pu
bl
is
h
ou
r
co
un
ty
lo
ad
s
yo
u
mi
gh
t
sa
y,
or
to
pa
ss
th
em
ou
t
be
ca
us
e
th
ey
ha
ve
va
lu
es
as
si
gn
ed
to
th
em
in
a
nu
mb
er
of
ca
se
s
wh
ic
h
ar
e
ty
pi
ca
l
of
th
e
re
gi
on
,
bu
t
no
t
ne
ce
ss
ar
il
y
specific to the county.
Dr
.
D.
Ba
ke
r:
As
I
re
ca
ll
yo
ur
de
li
ve
ry
ra
ti
o
gr
ap
hs
,
th
ey
ar
e
no
t
a
fu
nc
ti
on
of
ar
ea
an
yw
ay
.
Th
ey
ar
e
mo
re
re
la
te
d
to
dr
ai
na
ge
de
ns
it
y,
wh
ic
h
is
ar
ea
in
de
pe
nd
en
t.
I
ca
n'
t
se
e
ho
w
yo
u
ca
n
co
me
up
wi
th
a
de
li
ve
ry
ra
ti
o
th
at
is
n'
t
re
la
te
d
to
th
e
ar
ea
of
th
e
wa
te
rs
he
d.
Dr
.
A.
Mc
EZ
ro
y:
We
ll
,
I'
ll
se
e
if
I
un
de
rs
ta
nd
yo
ur
qu
es
ti
on
.
If
yo
u
ha
pp
en
to
ha
ve
th
e
dr
ai
na
ge
de
ns
it
y
in
an
y
pa
rt
ic
ul
ar
co
un
ty
,
an
d
th
e
nu
mb
er
of
mi
le
s
of
st
re
am
pe
r
sq
ua
re
mi
le
fo
r
ex
am
pl
e,
th
is
es
se
nt
ia
ll
y
is
a
dr
ai
na
ge
de
ns
it
y.
If
yo
u
ha
ve
th
at
fi
gu
re
fo
r
th
e
co
un
ty
,
th
en
th
is
wo
ul
d
be
es
se
n—
ti
al
ly
a
dr
ai
na
ge
de
ns
it
y
wh
ic
h
wo
ul
d
in
ef
fe
ct
de
pi
ct
fo
r
yo
u
th
e
av
er
ag
e
di
st
an
ce
to
th
e
ne
ar
es
t
pe
rm
an
en
t
st
re
am
fo
r
th
at
co
un
ty
.
I
sh
ou
ld
th
in
k
in
th
at
ca
se
th
at
it
wo
ul
d
be
sp
ec
if
ic
fo
r
th
at
ar
ea
.
Dr
.
D.
Hu
ff
:
I
th
in
k
th
at
wh
at
he
is
as
ki
ng
is
"d
id
yo
u
lo
ok
at
th
e
to
ta
l
lo
ad
de
li
ve
re
d
sa
y
at
th
e
ou
tl
et
,
wh
er
ev
er
th
at
is
fo
r
th
e
wh
ol
e
re
gi
on
,
an
d
th
en
no
rm
al
iz
e
th
at
?"
In
ot
he
r
wo
rd
s,
to
ge
t
a
pe
r
un
it
ar
ea
yo
u
ha
d
to
ha
ve
an
ar
ea
to
di
vi
de
by
.
Dr
.
A.
Mc
EZ
ro
y:
We
ll
as
I
sa
id
ou
r
ba
si
c
un
it
fo
r
ma
ki
ng
th
e
ca
lc
ul
at
io
ns
wa
s
th
e
co
un
ty
,
ho
we
ve
r,
we
di
d
us
e
fo
r
sp
ec
if
ic
so
ur
ce
s,
th
e
ac
re
ag
es
of
th
e
va
ri
ou
s
ca
te
go
ri
es
of
la
nd
us
e
in
th
at
ar
ea
.
We
wo
ul
d
ap
pl
y
ou
r
de
li
ve
ry
fa
ct
or
to
wh
at
ev
er
ac
re
ag
e
we
ha
pp
en
ed
to
co
me
up
wi
th
.
I
ha
ve
a
fe
el
in
g
yo
u
ar
e
no
t
qu
it
e
sa
ti
sf
ie
d
ye
t.
Dr
.
S.
Ya
ks
ic
h:
I
no
ti
ce
yo
u
re
po
rt
ed
so
me
of
yo
ur
da
ta
to
ab
ou
t
8
si
gn
i—
fi
ca
nt
fi
gu
re
s.
Do
yo
u
re
al
ly
ha
ve
th
at
mu
ch
co
nf
id
en
ce
in
it
?
Dr
.
A.
Mc
EZ
ro
y:
It
is
ha
rd
to
te
ac
h
th
e
co
mp
ut
er
to
do
ot
he
rw
is
e.
He
av
en
s,
no!
Dr
.
S.
Ya
ks
ic
h:
Wh
at
ty
pe
of
er
ro
r
es
ti
ma
te
s
wo
ul
d
yo
u
pl
ac
e
on
th
e
nu
mb
er
s
you are producing?
 gm,
A.
MPEl
roy:
EPA
aske
d u
s t
o d
evel
op
erro
r a
naly
sis
for
our
load
ings
.
We
aske
d s
ome
of
our
peop
le
to d
o t
his
and
they
said
ther
e w
ere
not
enou
gh
sta
tis
tic
s a
vai
lab
le.
We
did
it
and
if
you
wan
t t
o c
ons
ide
r a
ll
the
pos
sib
le
err
ors
, t
hey
are
qui
te
lar
ge;
say
50%
if
you
wan
t t
o c
ons
ide
r e
nou
gh
fac
tor
s.
How
eve
r,
I t
hin
k t
hat
wit
hou
t b
ein
g a
ble
to
pro
ve
it,
gen
era
lly
we
are
talk
ing
abou
t p
erh
aps
20%,
and
one
of
the
reas
ons
is
that
we
are
dea
lin
g
wit
h f
air
ly
lar
ge
are
as
wit
h a
con
sid
era
ble
amo
unt
of
sta
tis
tic
s w
hic
h h
ave
been
gene
rate
d f
or
thes
e a
reas
and
I wo
uld
rate
them
at
abou
t 2
0—25
%.
Now
that is going to vary. For some of our pollutants from feed lots, for
exa
mpl
e,
we
use
d ra
nge
s o
f c
onc
ent
rat
ion
s o
f p
oll
uta
nts
in
fee
d l
ot
run
off
whic
h w
ould
rang
e al
l th
e wa
y fr
om v
ery
near
ly z
ero
up t
o a
coup
le o
f th
ou-
san
d,
so
pic
k a
num
ber
in
the
mid
dle
of
the
m.
We
had
to
for
thi
s k
ind
of
study.
Dr.
S.
Yak
sic
h:
The
rea
son
why
I a
ske
d i
s s
ome
of
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TABLE 1
KINDS OF MATERIALS
 
  
  
   
     
    
   
     
   
   
    
  
Organic detritus
Includes leaves, trees,
biological remains, etc.
Sediment
Size Class
Mode of Transport
Boulders Larger than 256 mm Bedload
Cobbles 64—256 mm Bedload
Gravel
2—64 mm
Bedload
Sand
0.062—2 mm
Bedload or Suspended
Silt 0.004—0.062 mm Suspended
Clay 0.0002—0.004 mm Suspended
Bedload or Suspended
   
Wentworth scale (Lane et al., 1947).
 
Biota
Bedload or Suspended
Includes bottom dwelling
organisms
NOTE:
The size Classes of mineral sediments shown are based on the
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The
mass
of
sediment
being
transported
in
suspension
is
called
suspended
load.
The
mass
of
sediment
being
transported
in
virtually
continuous
contact
with
the
streambed
is
called
bed
load.
The
transport
rate
of
suspended
load
is
the
suspended—sediment
discharge,
and
the
trans—
port
is
expressed
in
terms
of
mass
per
unit
of
time
(kilograms
per
second,
megagrams
per
day,
etc.).
The
range
in
size
and
specific
gravity
of
sediments
transported
for
both
modes
of
transport
is
tremendous.
The
environmentalist
faces
a
real
problem
in
sorting
out
the
definitions
of
terms
that
have
been
coined
by
the
various
disciplines
over
the
years.
Suspended
sediment
also
is
called
suspended
solids,
nonfilterable
solids,
silt,
turbidity,
etc.
Bedload
materials
are
called
bed
material,
bottom
material,
deposited
sediment,
benthic
material,
substrate,
etc.,
depending
on
the
background
of
the
individual.
The
definition
of
"solution"
also
enters
the
picture.
Solution
is
defined
by
most
water
chemists
as
the
liquid
that
passes
through
a
0.45
um
(micrometre)
filter.
By
this
definition,
a
solution
can
include
particles
that
the
engineering
profession
classifies
as
fine
clay
and
colloids.
Another
problem
that
relates
to
measurement
and
definition
of
fluvial
sediments
is
that
there
is
a
continuous
interchange
of
some
sizes
of
sediment
between
the
streambed
and
the
streamflow.
Sediments
in
suspension
may
settle
into
the
bed
and
move
for
some
period
of
time
as
bed
load,
or
they
may
remain
at
rest
until
moved
back
into
suspension
for
another
period
of
time.
Even
the
very
fine
silts
and
clays
are
involved
in
this
process,
particularly
in
reaches
of
sand
bedded
streams
where
there
is
a
loss
of
flow
from
the
stream
to
the
ground
water
system.
In
this
situation,
fine
materials
can
infitrate
the
sand
bed
to
a
considerable
depth.
In
order
to
standardize
analytical
methods,
sedimentologists
have
related
particle
size
of
sediments
to
quartz
spheres
(Figure
1).
One
reason
is
that
most
mineral
sediments
carried
by
streamflow
consist
of
roughly
92-98
percent
of
particles
having
an
average
specific
gravity
of
2.65.
Therefore
2.65
is
used
to
represent
all
sediment
carried
when
computing
sediment
discharge.
sedimentation
diameters
are
used
to
define
size
classes
for
fine
sediments
because
of
the
relative
ease
of
analytical
techniques.
Size,
shape,
specific
gravity,
and
viscosity
of
the
water
effect
the
sedimentation
rate,
and
a
small,
heavy
grain
may
have
the
same
mass
and
fall
velocity
as
a
larger
quartz
grain.
Figure
2
illustrates
the
basic
principles
of
sediment
transport.
The
velocity
with
depth
in
the
general
case
is
illustrated.
The
resistance
at
the
bed
is
caused
by
the
drag
of
the
liquid
over
the
particles,
and
that
drag
and
turbulence
of
the
flow
causes
the
bed
materials
to
move
along
the
bed
or
to
jump
into
suspension
for
unpredictable
periods.
The
upward
velocity
vector
must
overcome
the
gravitational
force
on
a
particle
in
order
for
it
to
remain
in
suspension.
Turbulence
is
greatest
near
the
bed;
therefore,
the
coarsest
particles
are
carried
near
the
bed.
Finer
sediments,
generally
finer
than
62
um
(silt
and
clay
sizeby
definition),
require
little
turbulence
to
maintain
them
in
suspension,
and
therefore,
are
transported
throughout
the
depth
of
flow
in
about
the
same
concentration.
Concentration
is
the
term
used
to
mean
the
mass
of
sediment
per
unit
volume
of
the
water-sediment
mixture.
The
discharge
rate
of
suspended
sediment
varies
generally
with
depth
as
illustrated
by
the
concentration
variation
with
depth.
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 Figure 2 also illustrates the sampling problem. Currently available
suspended—sediment samplers sample only to a point from about 0.3 to 0.5 feet
above the bed. It is evident that these samplers do not sample that part of
the flow carrying the greatest concentration of coarse particles.
Figures 3, 4, and 5 illustrate data based on actual field measure—
ments of velocity and suspended sediment made in the Rio Grande conveyance
channel near Bernardo, New Mexico (Culbertson et al., 1972). The convey—
ance channel is straight and uniform for several thousand feet. Point
velocities and point suspended—sediment samples were obtained at five
points in each of six verticals in order to define the isovels and zones
of equal concentration of various size classes of sediment. Concentration
values shown are in mg/l (milligrams per litre).
Velocity distribution (Figure 3) was found to be quite variable
because of the roughness caused by thedune bed configuration. Note the
four distinct cells of high velocity in the cross section. Also, note
the slower velocity along the right bank.
The finer sediments (silts and clays) were distributed almost
uniformly thrOughout the cross section (Figure 4). Concentrations of
samples collected at the surface were almost the same as the mean concen-
tration in each vertical; therefore, within the limits of accuracy
obtainable in most laboratories, a sample collected almost anywhere in
this cross section would be considered representative for this size
range.
Figure 5 illustrates the distribution of the coarse suspended
sediment (sand). It is obvious that the sampling problem in this case is
real. If one wishes to analyze a sample of the streamflow to determine
either the mass of sediment being transported or the amount of sorbed
constituents on the sediments, one must have a representative sample that
contains representative masses of each size class of material.'
The preceding discussion has related only to the general case,
and the instantaneous steady uniform flow condition. Time variation of
sediment transport presents another problem. Figure 6 illustrates the
general relation between water discharge and suspended-sediment discharge.
For a given site, it is not uncommon to find a variation in suspended-
sediment discharge of about 1.5 log units for any given water discharge.
This variation is caused mostly by: (l) seasonal variations in availability
of sediment; (2) snowmelt runoff versus thunderstorm runoff; (3) period
between floods; (4) and the difference between turbulence characteristics
on rising and falling stages,
Figure 7 shows the typical variation of sediment concentration
with time and discharge. The differences in concentrations for a given
gage height (discharge) between the rising and falling stages can be
noted.
CONCLUSIONS
In s
umma
ry,
the
var
iat
ion
in
tran
spor
t r
ates
of
sedi
ment
in s
trea
ms
is dependent upon the turbulent characteristics of the flow and the avail—
ability, size, and specific gravity of sediment in the system.
Sediments
   
v
1
Y1
11
1’
1l
1
1
11
11
11
1
1
11
11
11
11
1
0
0
0
:
—
_
_
~
1
1
0
0
:
~
_
:
A
—
:
>
'—
—1
a
’
.1
1
3
-
e
\
(0
-
_.
c
0
—
d
:2
D
<
I
1
0
:-
_
:
0
j
-
"
‘
-
:
'
—
"
d
z
-
_
11
.1
—
_
.5. _
0
Lu
«1
_
-
.
.
1.
0
_
.-
Da
ll
y
Va
lu
e
1
3
X
G
r
o
u
p
A
v
e
r
a
g
e
3
O
J
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0.
1
1.
0
1
0
1
0
0
W
A
T
E
R
D
I
S
C
H
A
R
G
E
(
c
i
s
)
F
i
g
u
r
e
6.
D
i
r
e
c
t
r
u
n
o
f
f
v
e
r
s
u
s
s
e
d
i
m
e
n
t
d
i
s
c
h
a
r
g
e
,
by
d
a
y
,
P
i
g
e
o
n
R
o
o
s
t
C
r
e
e
k
W
a
L
e
r
s
h
e
d
5,
J
a
n
u
a
r
y
l
9
5
7
—
D
e
c
e
m
b
e
r
19
6
0.
A
f
t
e
r
P
i
e
s
:
(i
n
P
r
o
c
e
e
d
i
n
g
s
,
1
9
6
3
,
p.
10
2)
.
126
  
25.000
20,000
15,000
I
N
M
I
L
L
I
G
R
A
M
S
P
E
R
L
I
T
E
R
10.000
5,000
S
E
D
I
M
E
N
T
C
O
N
C
E
N
T
R
A
T
I
O
N
,
Figure 7 .
  
   
Sediment concentration
Gage height
G
A
G
E
H
E
I
G
H
T
,
I
N
F
E
E
T
 
“‘1‘ 1 A a
1 1 l A A I
 
15
00
18
00
20
00
22
00
24
00
02
00
TIME OF DAY, IN HOURS
Ga
ge
he
ig
ht
an
d
se
di
me
nt
—c
on
ce
nt
ra
ti
on
gr
ap
h
ty
pi
ca
l
of
ma
ny
ep
he
me
ra
l
st
re
am
s
sh
ow
in
g
de
si
ra
bl
e
sa
mp
le
di
st
ri
bu
ti
on
.
Fr
om
Gu
y
an
dN
or
ma
n
(1
97
0,
p.
44
).
   
  
ca
n
be
tr
an
sp
or
te
d
ei
th
er
in
su
sp
en
si
on
or
as
be
d
lo
ad
;
ho
we
ve
r,
th
er
e
ca
n
be
a
co
nt
in
uo
us
in
te
rc
ha
ng
e
be
tw
ee
n
th
e
st
re
am
fl
ow
an
d
th
e
ch
an
ne
l
be
d.
Th
e
co
ar
se
r
se
di
me
nt
s
re
qu
ir
e
mo
re
tu
rb
ul
en
ce
to
ma
in
ta
in
th
em
in
su
s-
pe
ns
io
n,
an
d
th
er
ef
or
e,
ar
e
fo
un
d
in
gr
ea
te
r
co
nc
en
tr
at
io
ns
ne
ar
th
e
st
re
am
be
d.
Mu
ch
gr
ea
te
r
ca
re
is
re
qu
ir
ed
wh
en
sa
mp
li
ng
st
re
am
s
ca
rr
yi
ng
co
ar
se
se
di
me
nt
s
(s
an
ds
)
in
or
de
r
to
ob
ta
in
a
sa
mp
le
th
at
re
pr
es
en
ts
th
e
streamflow.
Th
e
va
ri
ab
il
it
y
of
se
di
me
nt
co
nc
en
tr
at
io
n
wi
th
wa
te
r
di
sc
ha
rg
e
is
gr
ea
t,
an
d
ma
ny
sa
mp
le
s
ma
y
be
re
qu
ir
ed
to
de
fi
ne
th
e
su
sp
en
de
d—
se
di
me
nt
di
sc
ha
rg
e
du
ri
ng
fl
oo
ds
.
Va
ri
ab
il
it
y
wi
th
ti
me
al
so
is
gr
ea
t,
an
d
sa
mp
le
s
mu
st
be
ob
ta
in
ed
th
ro
ug
ho
ut
th
e
ye
ar
to
de
fi
ne
se
di
me
nt
di
sc
ha
rg
e
va
ri
at
io
n
du
e
to
ch
an
ge
s
in
la
nd
us
e
(a
va
il
ab
il
it
y)
an
d
se
as
on
al
ef
fe
ct
s.
SELE TED LITERATURE
Ab
be
tt
,
R.
W.
,
(1
95
6)
,
Am
er
ic
an
Ci
vi
l
En
gi
ne
er
in
g
Pr
ac
ti
ce
,
v.
1,
sec. 2(John Wiley).
An
Ap
pr
ai
sa
l
of
Wa
te
r
Po
ll
ut
io
n
in
th
e
La
ke
Su
pe
ri
or
Ba
si
n,
FW
PC
A
Gr
ea
t
La
ke
s
Ad
m.
,
Ap
ri
l
19
69
.
An
de
rs
on
,
A.
C.
,
(1
94
2)
.
Di
st
ri
bu
ti
on
of
Su
sp
en
de
d
Se
di
me
nt
in
a
Na
tu
ra
l
St
re
am
,
Am
.
Ge
op
hy
s.
Un
io
n
Tr
an
s.
,
22
,
(P
t.
2)
,
678-683.
A.
S.
T.
M.
De
si
gn
at
io
n:
C1
36
—3
8T
,
(1
93
8)
,
Te
nt
at
iv
e
Me
th
od
of
Te
st
fo
r
Si
ev
e
An
al
ys
is
of
Fi
ne
an
d
Co
ar
se
Ag
gr
eg
at
es
,
Pr
oc
.,
38—1, 808-810.
Ba
gn
ol
d,
R.
A.
,
(1
95
6)
.
Th
e
Fl
ow
of
Co
he
si
on
le
ss
Gr
ai
ns
in
Fl
ui
ds
,
Ro
ya
l
50
.
(L
on
do
n)
Ph
il
os
.
Tr
an
s.
,
24
9,
23
5—
29
7.
Ba
gn
ol
d,
R.
A.
,
(1
96
6)
.
An
Ap
pr
oa
ch
to
th
e
Se
di
me
nt
Tr
an
sp
or
t
Pr
ob
le
m
fr
m
Ge
ne
ra
l
Ph
ys
ic
s,
U.
S.
Ge
ol
.
Su
rv
ey
Pr
of
.
Pa
pe
r
42
2-
1,
37
pp
.
Ba
rt
he
l,
J.
C.
,
(1
96
9)
.
Pe
st
ic
id
e
Re
si
du
es
in
Se
di
me
nt
s
of
th
e
Lo
we
r
Mi
ss
is
si
pp
i
Ri
ve
r
an
d
it
s
Tr
ib
ut
ar
ie
s.
In
:
Pe
st
ic
id
es
Mo
ni
to
ri
ng
Jour., 2, (1), 8—66
Ba
rt
on
,
J.
R.
,
an
d
Li
n,
Pi
n—
Na
m,
(1
95
5)
.
A
St
ud
y
of
th
e
Se
di
me
nt
Tr
an
sp
or
t
in
Al
lu
vi
al
Ch
an
ne
ls
.
Ci
vi
l
En
g.
De
pt
.,
Co
lo
ra
do
St
at
e
Un
iv
.,
Fo
rt
Co
ll
in
s,
Co
lo
.,
43
pp
.,
21
fi
gs
.,
an
d
ap
pe
nd
ix
.
Be
ne
di
ct
,
P.
C.
,
Al
be
rt
so
n,
M.
L.
,
an
d
Ma
te
jk
a,
D.
Q.
,
(1
95
5)
,
To
ta
l
Se
di
me
nt
Me
as
ur
em
en
t
in
Tu
rb
ul
en
ce
Fl
um
e.
Am
er
.
So
c.
Ci
vi
l
En
gi
ne
er
s
Tr
an
s.
,
12
0,
45
7-
48
4.
Bo
nd
ur
an
t,
D.
C.
,
(1
95
5)
,
Re
po
rt
on
Re
se
rv
oi
r
De
lt
a
Re
co
nn
ai
ss
an
ce
,
Co
rp
s
of
En
gi
ne
er
s,
Mi
ss
ou
ri
Ri
ve
r
Di
vi
si
on
Se
di
me
nt
Se
ri
es
Pub. No. 6.
Bo
rl
an
d,
W.
M.
,
an
d
Mi
ll
er
,
C.
R.
,
(1
95
8)
,
Di
st
ri
bu
ti
on
of
Se
di
me
nt
in
La
rg
e
Re
se
rv
oi
rs
,
Am
.
So
c.
Ci
vi
l
En
gr
.,
Jo
ur
.
Hy
d.
Di
v.
,
g5, 1587.
128
Bormann, F. H., Likens, G. E., Eaton, J. S., (1969). Biotie Regulation
of Particulate and Solution Losses from a Forest Ecosystem.
Bioscience, 12, (7), 600-610.
Brown, H. E., Hansen, E. A., and Champagne, N. E., Jr., (1970).
A System for Measuring Total—Sediment Yield from Small Water—
sheds, Water Resources Research, 6, (3), 818-826.
Burrell, G. N., (1951). Constant—Factor Method Aids Computation of
Reservoir Sediment, Civil Engineering, 21, (7), 51—52
Chia-Shun Shih, and Gloyne, E. P., (1969). influence of Sediments
on Transport of Solutes, Jour. Hyd. Div., 92, (HYA).
Colby, B. R., and Hembree, C. H., (1955). Computation of Total
Sediment Discharge, Niobrara River near Cody, Nebr., U.S.
Geol. Survey Water—Supply Paper 1357.
Colby, B. R., (1956). Relationship of Sediment Discharge to Stream-
flow, U.S. Geol. Survey, Open—File Report.
Colby, B. R., (1957). Relationship of Unmeasured Sediment Discharge to
Mean Velocity, Amer. Geophys. Union Trans., ﬁg, (5),
708-717.
Colb
y,
B. R
.,
(196
1).
Effe
ct o
f De
pth
of F
low
on D
isch
arge
of B
ed M
ater
ial.
U.S. Geol. Survey Water-Supply Paper 1498—D, 12 pp.
Colb
y, B
. R.
,
(196
5).
Disc
harg
e of
Sand
s an
d Me
an—V
eloc
ity
Rela
tion
ship
s
in Sand—Bed Streams, U.S. Geol. Survey Prof. Paper 462—A,
47 pp.
Cook
, H.
L.,
(193
5).
Outl
ine
of t
he E
nerg
etic
s of
Stre
am—T
rans
pora
tion
of Solids, Am. Geophys. Union Trans., 16, (2), 456-463.
Corps of Engineers, U.S. Army, (1961). Reservoir Sedimentation Invest-
igations Program, Engineering Manual 1110-2—4000.
Culb
erts
on,
J. K
., S
cott
, C.
E.,
and
Benn
ett,
J. P
.,
(197
2).
Summ
ary
of Alluvial—Channel Data from Rio Grande Conveyance Channel,
N. Mex., U.S. Ceol. Survey Prof, Paper 562—1., 49 pp.
Davi
d,
C.,
(196
9).
Sedi
ment
Radi
oact
ivit
y i
n t
he C
olum
bia
Rive
r E
stua
ry,
In Selected Water Resources Abs., 2, October 1, 1969, 2 pp.
Davis, Foote, and Kelly, (1966). Surveying: Theory and Practice.
Fifth edition, Chap. 30 (McGraw-Hill).
Davi
s, F
oote
, an
d Ke
lly,
(196
4).
Spec
ial
Surv
eys:
Dept
. of
Army
Tech
. Ma
nual
5—235.
Den
dy,
1.
E.,
and
Cha
mpi
on,
N.
A.,
(19
69)
. S
umm
ary
of
Res
erv
oir
Sediment Deposition Surveys bade in the United States Through
1963, USDA Misc. Pub. 11$}.
   
 L
a
k
i
n
,
H.
M.
(
r
e
v.
B
r
o
w
n
,
C.
B
.
)
,
(
1
9
3
9
)
.
S
i
l
t
i
n
g
o
f
R
e
s
e
r
v
o
i
r
s
,
U.
S.
De
pt
.
Ag
r.
Te
ch
.
Bu
ll
.
52
4,
16
8
pp
.
E
i
n
s
t
e
i
n
,
H.
S
.
,
a
n
d
C
h
i
e
n
,
N
i
n
g
,
(
1
9
5
3
)
.
C
a
n
t
h
e
R
a
t
e
o
f
W
a
s
h
L
o
a
d
b
e
P
r
e
d
i
c
t
e
d
f
r
o
m
t
h
e
B
e
d
-
L
o
a
d
F
u
n
c
t
i
o
n
?
,
A
m
.
C
e
o
p
h
y
s
.
U
n
i
o
n
T
r
a
n
s
.
,
34
,
8
6
7
—5
8
2
.
E
i
n
s
t
e
i
n
,
H
.
8
.
,
(
1
9
5
0
)
.
T
h
e
B
e
d
—
L
o
a
d
F
u
n
c
t
i
o
n
f
o
r
S
e
d
i
m
e
n
t
T
r
a
n
s
-
p
o
r
t
a
t
i
o
n
in
O
p
e
n
C
h
a
n
n
e
l
F
l
o
w
s
,
U
.
S
.
D
e
p
t
.
A
g
r
.
T
e
c
h
.
B
u
l
l
.
1
0
2
6
,
7
0
p
p
.
E
i
n
s
t
e
i
n
,
H.
S
.
,
(
1
9
5
4
)
.
S
e
c
o
n
d
A
p
p
r
o
x
i
m
a
t
i
o
n
t
o
t
h
e
S
o
l
u
t
i
o
n
o
f
t
h
e
S
u
s
p
e
n
d
e
d
L
o
a
d
t
h
e
o
r
y
,
U
.
S
.
C
o
r
p
s
E
n
g
i
n
e
e
r
s
,
M
i
s
s
o
u
r
i
R
i
v
e
r
D
i
v
.
S
e
d
i
m
e
n
t
S
e
r
.
3,
3
0
p
p
.
,
12
f
i
g
s
.
F
l
a
m
m
e
r
,
G
.
H
.
,
(
1
9
6
2
)
.
U
l
t
r
a
s
o
n
i
c
M
m
e
a
s
u
r
e
m
e
n
t
o
f
S
u
s
p
e
n
d
e
d
S
e
d
i
m
e
n
t
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
B
u
l
l
.
l
l
4
l
-
A
,
4
8
p
p
.
G
i
l
b
e
r
t
,
C.
K
.
,
(
1
9
1
4
)
.
T
r
a
n
s
p
o
r
t
a
t
i
o
n
o
f
D
e
b
r
i
s
b
y
R
u
n
n
i
n
g
W
a
t
e
r
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
P
r
o
f
.
P
a
p
e
r
8
6
,
2
6
3
p
p
.
G
l
e
a
s
o
n
,
C
.
R
.
,
a
n
d
O
h
l
m
a
c
h
e
r
,
F.
J
.
,
(
1
9
6
5
)
.
A
C
o
r
e
S
a
m
p
l
e
r
f
o
r
I
n
—
S
i
t
u
F
r
e
e
z
i
n
g
o
f
B
e
n
t
h
i
c
S
e
d
i
m
e
n
t
s
,
O
c
e
a
n
S
c
i
e
n
c
e
a
n
d
O
c
e
a
n
E
n
g
i
n
e
e
r
i
n
g
,
J
o
i
n
t
C
o
n
f
e
r
e
n
c
e
M
a
r
i
n
e
T
e
c
h
.
S
o
c
.
a
n
d
A
m
e
r
.
S
o
c
.
L
i
m
.
a
n
d
O
c
e
a
n
,
W
a
s
h
i
n
g
t
o
n
,
D.
C
.
,
T
r
a
n
s
.
,
3
,
7
3
7
—
7
4
1
.
G
o
t
t
s
c
h
a
l
k
,
L.
C
.
,
(
1
9
5
1
)
.
M
e
a
s
u
r
e
m
e
n
t
o
f
S
e
d
i
m
e
n
t
a
t
i
o
n
i
n
S
m
a
l
l
R
e
s
e
r
v
o
i
r
s
,
A
m
.
S
o
c
.
C
i
v
i
l
E
n
g
r
.
,
P
r
o
c
.
H
y
d
.
D
i
v
.
,
7
1
.
G
u
y
,
H
.
P
.
,
(
1
9
6
8
)
.
Q
u
a
l
i
t
y
C
o
n
t
r
o
l
o
f
A
d
j
u
s
t
m
e
n
t
C
o
e
f
f
i
c
i
e
n
t
s
i
n
G
e
o
l
o
g
i
c
a
l
S
u
r
v
e
y
R
e
s
e
a
r
c
h
1
9
6
8
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
P
r
o
f
.
P
a
p
e
r
6
0
0
—
8
,
p
p
.
B
1
6
5
-
3
1
6
8
.
G
u
y
,
H
.
P
.
,
(
1
9
6
9
)
.
L
a
b
o
r
a
t
o
r
y
T
h
e
o
r
y
a
n
d
M
e
t
h
o
d
s
f
o
r
S
e
d
i
m
e
n
t
A
n
a
l
y
s
i
s
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
T
e
c
h
n
i
q
u
e
s
W
a
t
e
r
-
R
e
s
o
u
r
c
e
s
1
n
v
.
,
B
o
o
k
5
,
Chap. C1, 58 pp.
C
u
y
,
H
.
P
.
,
(
1
9
7
0
)
.
F
l
u
v
i
a
l
S
e
d
i
m
e
n
t
C
o
n
c
e
p
t
s
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
T
e
c
h
n
i
q
u
e
s
W
—
R
1
n
v
.
,
B
o
o
k
3,
C
h
a
p
.
C
l
,
5
8
p
p
.
G
u
y
,
H
.
P
.
,
a
n
d
N
o
r
m
a
n
,
V
.
W
.
,
(
1
9
7
0
)
.
F
i
e
l
d
M
e
t
h
o
d
s
f
o
r
M
e
a
s
u
r
e
m
e
n
t
o
f
F
l
u
v
i
a
l
S
e
d
i
m
e
n
t
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
T
e
c
h
n
i
q
u
e
s
W
—
R
I
n
v
.
,
B
o
o
k
3
,
C
h
a
p
.
C
2
,
5
9
p
p
.
H
u
b
b
e
l
l
,
D
.
W
.
,
(
1
9
6
4
)
.
A
p
p
a
r
a
t
u
s
a
n
d
T
e
c
h
n
i
q
u
e
s
f
o
r
M
e
a
s
u
r
i
n
g
B
e
d
L
o
a
d
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
W
a
t
e
r
—
S
u
p
p
l
y
P
a
p
e
r
1
7
4
8
,
7
4
p
p
.
H
u
b
b
e
l
l
,
D
.
W
.
,
a
n
d
M
a
t
e
j
k
a
,
D
.
Q
.
,
(
1
9
5
9
)
.
I
n
v
e
s
t
i
g
a
t
i
o
n
s
o
f
S
e
d
i
m
e
n
t
T
r
a
n
s
p
o
r
a
t
i
o
n
,
M
i
d
d
l
e
L
o
u
p
R
i
v
e
r
a
t
D
u
n
n
i
n
g
,
N
e
b
r
.
,
U
.
S
.
C
e
o
l
.
S
u
r
v
e
y
W
a
t
e
r
—
S
u
p
p
l
y
P
a
p
e
r
1
4
7
6
,
1
2
3
p
p
.
I
n
t
e
r
-
A
g
e
n
c
y
C
o
m
m
i
t
t
e
e
o
n
W
a
t
e
r
R
e
s
o
u
r
c
e
s
,
(
1
9
4
0
)
.
A
S
t
u
d
y
o
f
M
e
t
h
o
d
s
U
s
e
d
i
n
M
e
a
s
u
r
e
m
e
n
t
a
n
d
A
n
a
l
y
s
i
s
o
f
S
e
d
i
m
e
n
t
L
o
a
d
s
i
n
S
t
r
e
a
m
s
:
F
i
e
l
d
P
r
a
c
t
i
c
e
a
n
d
E
q
u
i
p
m
e
n
t
U
s
e
d
i
n
S
a
m
p
l
i
n
g
S
u
s
p
e
n
d
e
d
S
e
d
i
m
e
n
t
,
Report No. 1.
130
Int
er-
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
40)
.
Equ
ipm
ent
for
Sampling Bed Load and Bed Material, Report No. 2.
Inte
r-Ag
ency
Comm
itte
e o
n W
ater
Reso
urce
s,
(194
1).
A S
tudy
of
Methods Used in Measurement and Analysis of Sediment Loads in
Streams: Methods of Analyzing Sediment Samples, Report No. 4.
Int
er—
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
41)
.
A S
tud
y o
f
Met
hod
s U
sed
in M
eas
urem
ent
and
Anal
ysis
of
Sedi
ment
Load
s in
Streams: Laboratory Investigation of Suspended—Sediment
Samplers, Report No. 5.
Int
er-
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
43)
.
A S
tud
y o
f N
ew
Met
hod
s f
or
Size
Anal
ysis
of
Sus
pen
ded
—Se
dim
ent
Samp
les,
Repo
rt
No. 7.
Int
er—
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
52)
.
The
Des
ign
of
Imp
rov
ed
Typ
es
of
Sus
pen
ded
Sed
ime
nt
Sam
ple
rs,
Rep
ort
No.
6.
Int
er-
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
53)
.
Acc
ura
cy
of
Sed
ime
nt
Siz
e A
nal
ysi
s M
ade
by
the
Bot
tom
-Wi
thd
raw
al-
Tub
e
Method, Report No. 10.
Int
er—
Age
ncy
Co
mm
it
te
e
on
Wat
er
Res
our
ces
,
(19
57)
.
The
De
vel
op
me
nt
and
Cal
ibr
ati
on
of
the
Sus
pen
ded
-Ac
cum
ula
tio
n T
ube
,
Rep
ort
No.
11.
Int
er—
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
57)
.
Som
e
Fun
dam
ent
als
of Particle-Size Analysis, Report No. 12.
Int
er-
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
58)
.
A
Stu
dy
of
Met
hod
s
Use
d
in
Mea
sur
eme
nt
and
Ana
lys
is
of
Sed
ime
nt
Loa
ds
in
Str
eam
s:
Ope
rat
ion
and
Mai
nte
nan
ce
of
U.S
. B
M—5
4
Bed
—Ma
ter
ial
Sam
ple
r,
Report M.
Int
er—
Age
ncy
Com
mit
tee
on
Wat
er
Res
our
ces
,
(19
59)
.
Se
di
me
nt
at
io
n
instruments and Reports, Report AA.
In
te
r—
Ag
en
cy
Co
mm
it
te
e
on
Wa
te
r
Re
so
ur
ce
s,
(19
63)
.
A
St
ud
y
of
Me
th
od
s
Use
d
in
Me
as
ure
me
nt
and
Ana
lys
is
of
Sed
ime
nt
Loa
ds
in
Str
eam
s:
De
te
rm
in
at
io
n
of
Flu
via
l
Sed
ime
nt
Dis
cha
rge
,
Rep
ort
No.
14.
Is
ma
il
,
H.
M.,
(19
52)
.
Tu
rb
ul
en
t
Tr
an
sf
er
Me
ch
an
is
m
and
Su
sp
en
de
d
Se
di
me
nt
in
Cl
os
ed
Ch
an
ne
ls
,
Am.
Soc
.
Ci
vi
l
En
gi
ne
er
s,
Tr
an
s.
,
11], 409—446.
Ja
ck
so
n,
H.
N.,
(19
70.
A
Co
nt
ro
ll
ed
—D
ep
th
Vo
lu
me
tr
ic
Bo
tt
om
Sa
mp
le
r,
Th
e
Pr
og
re
ss
iv
e
Fi
sh
Cu
lt
ur
is
t,
22
(2)
.
Ke
nn
ed
y,
J.
F.,
(1
96
1)
.
Fu
rt
he
r
La
bo
ra
to
ry
St
ud
ie
s
of
th
e
Ro
ug
hn
es
s
an
d
Su
sp
en
de
d
Lo
ad
of
Al
lu
vi
al
St
re
am
s,
Ca
li
fo
rn
ia
In
st
.
Te
ch
—
nology, W. M. Keck Lab. Rept. KH—R-3.
Ke
ul
eg
an
,
C.
H.
,
(1
93
8)
.
La
ws
of
Tu
rb
ul
en
t
Fl
ow
in
Op
en
Ch
an
ne
ls
,
U.
S.
Na
tl
.
Bu
r.
St
an
da
rd
s,
Jo
ur
.
Re
se
ar
ch
,
2},
(0)
,
70
7-
74
1.
Liv
vse
y.
R.
H.,
(19
70)
.
The
Rol
e
Sed
ime
nts
Pla
y
in
Det
erm
ini
ng
the
Qua
lit
y
of
Wat
er,
U.S
.
Arm
y C
orp
s
of
Eng
r.,
Oma
ha
Dis
t.
 
   
M
c
C
a
i
n
,
E
.
H
.
,
(
1
9
5
7
)
.
M
e
a
s
u
r
e
m
e
n
t
o
f
S
e
d
i
m
e
n
t
a
t
i
o
n
i
n
T
V
A
R
e
s
e
r
v
o
i
r
s
,
A
m
.
S
o
c
.
C
i
v
i
l
E
n
g
r
.
,
J
o
u
r
.
H
y
d
.
D
i
v
.
,
§
2
,
(
H
Y
3
)
,
P
a
p
e
r
1
2
7
7
.
M
c
C
a
i
n
,
E
.
H
.
,
(
1
9
6
5
)
.
O
p
e
r
a
t
i
o
n
M
a
n
u
a
l
f
o
r
R
a
d
i
o
a
c
t
i
v
e
S
e
d
i
m
e
n
t
D
e
n
s
i
t
y
P
r
o
b
e
,
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
,
O
m
a
h
a
D
i
s
t
r
i
c
t
.
M
e
y
e
r
—
P
e
t
e
r
,
B
.
,
a
n
d
M
u
l
l
e
r
,
R
.
,
(
1
9
4
8
)
.
F
o
r
m
u
l
a
s
f
o
r
B
e
d
-
L
o
a
d
T
r
a
n
s
p
o
r
t
,
I
n
t
.
A
s
s
o
c
.
o
f
H
y
d
r
a
u
l
i
c
S
t
r
u
c
t
u
r
e
s
R
e
s
e
a
r
c
h
,
2
n
d
M
t
g
.
,
S
t
o
c
k
h
o
l
m
,
S
w
e
d
e
n
,
3
9
-
6
4
.
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
F
e
d
e
r
a
l
I
n
t
e
r
—
A
g
e
n
c
y
S
e
d
i
m
e
n
t
a
t
i
o
n
C
o
n
f
e
r
e
n
c
e
,
(
1
9
4
8
)
,
3
1
4
p
p
.
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
F
e
d
e
r
a
l
I
n
t
e
r
-
A
g
e
n
c
y
S
e
d
i
m
e
n
t
a
t
i
o
n
C
o
n
f
e
r
e
n
c
e
,
(
1
9
6
3
)
.
U
.
S
.
D
.
A
.
M
i
s
c
.
P
u
b
.
N
o
.
9
7
0
,
9
3
3
p
p
.
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
T
h
i
r
d
F
e
d
e
r
a
l
I
n
t
e
r
-
A
g
e
n
c
y
S
e
d
i
m
e
n
t
a
t
i
o
n
C
o
n
f
e
r
e
n
c
e
,
(
1
9
7
6
)
.
S
e
d
i
m
e
n
t
a
t
i
o
n
C
o
m
m
i
t
t
e
e
o
f
t
h
e
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
u
n
c
i
l
.
P
r
y
c
h
,
E
.
A
.
,
a
n
d
H
u
b
b
e
l
l
,
D
.
w
.
,
(
1
9
6
6
)
.
A
S
a
m
p
l
e
r
f
o
r
C
o
l
l
e
c
t
i
n
g
S
e
d
i
m
e
n
t
s
i
n
R
i
v
e
r
s
a
n
d
E
s
t
u
a
r
i
e
s
,
G
e
o
l
.
S
o
c
.
A
m
e
r
i
c
a
B
u
l
l
.
,
11, 549—556.
R
i
t
t
e
r
,
J
.
R
.
,
a
n
d
H
e
l
l
e
y
,
E
.
J
.
,
(
1
9
6
9
)
.
O
p
t
i
c
a
l
M
e
t
h
o
d
f
o
r
D
e
t
e
r
m
i
n
i
n
g
P
a
r
t
i
c
l
e
S
i
z
e
s
o
f
C
o
a
r
s
e
S
e
d
i
m
e
n
t
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
T
e
c
h
n
i
q
u
e
s
o
f
W
a
t
e
r
R
e
s
o
u
r
c
e
s
I
n
v
.
,
B
o
o
k
5
,
C
h
a
p
.
C3, 33 pp.
S
a
y
r
e
,
w
.
W
.
,
a
n
d
C
h
a
n
g
,
F
.
M
.
,
(
1
9
6
8
)
.
A
L
a
b
o
r
a
t
o
r
y
I
n
v
e
s
t
i
g
a
t
i
o
n
o
f
O
p
e
n
—
C
h
a
n
n
e
l
D
i
s
p
e
r
s
i
o
n
P
r
o
c
e
s
s
e
s
f
o
r
D
i
s
s
o
l
v
e
d
,
S
u
s
p
e
n
d
e
d
,
a
n
d
F
l
o
a
t
i
n
g
D
i
s
p
e
r
s
a
n
t
s
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
P
r
o
f
.
P
a
p
e
r
4
3
3
—
E
,
71 pp.
S
a
y
r
e
,
W
.
W
.
,
a
n
d
H
u
b
b
e
l
l
,
D
.
W
.
,
(
1
9
6
5
)
.
T
r
a
n
s
p
o
r
t
a
n
d
D
i
s
p
e
r
s
i
o
n
o
f
L
a
b
e
l
l
e
d
B
e
d
M
a
t
e
r
i
a
l
,
N
o
r
t
h
L
o
u
p
R
i
v
e
r
,
N
e
b
r
.
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
P
r
o
f
.
P
a
p
e
r
,
4
3
3
—
C
,
4
8
p
p
.
S
e
l
l
e
r
s
,
8
.
,
P
a
p
o
d
o
p
o
u
l
o
s
,
T
.
,
a
n
d
Z
i
e
g
l
e
r
,
C
.
,
(
1
9
6
6
)
.
R
a
d
i
o
i
s
o
t
o
p
e
G
a
g
e
f
o
r
M
o
n
i
t
o
r
i
n
g
S
u
s
p
e
n
d
e
d
S
e
d
i
m
e
n
t
C
o
n
c
e
n
t
r
a
t
i
o
n
i
n
R
i
v
e
r
s
a
n
d
S
t
r
e
a
m
s
,
U
.
S
.
A
t
o
m
i
c
E
n
e
r
g
y
C
o
m
m
.
S
i
m
o
n
s
,
D
.
B
.
,
R
i
c
h
a
r
d
s
o
n
,
E
.
V
.
,
a
n
d
A
l
b
e
r
t
s
o
n
,
M
.
L
.
,
(
1
9
6
1
)
.
F
l
u
m
e
S
t
u
d
i
e
s
U
s
i
n
g
M
e
d
i
u
m
S
a
n
d
(
0
.
4
5
m
m
)
,
U
.
S
.
G
e
o
l
.
S
u
r
v
e
y
W
a
t
e
r
—
S
u
p
p
l
y
P
a
p
e
r
1
4
9
8
—
A
,
7
6
p
p
.
S
o
o
k
y
,
A
.
A
.
,
(
1
9
6
9
)
.
L
o
n
g
i
t
u
d
i
n
a
l
D
i
s
p
e
r
s
i
o
n
i
n
O
p
e
n
C
h
a
n
n
e
l
s
,
J
o
u
r
.
H
y
d
.
D
i
v
.
,
2
2
,
(
H
Y
A
)
.
T
a
s
k
F
o
r
c
e
o
n
B
e
d
F
o
r
m
s
i
n
A
l
l
u
v
i
a
l
C
h
a
n
n
e
l
s
o
f
t
h
e
C
o
m
m
i
t
t
e
e
o
n
S
e
d
i
m
e
n
t
a
t
i
o
n
,
A
S
C
E
,
(
1
9
6
6
)
.
J
o
u
r
.
H
y
d
.
D
i
v
.
,
2
;
,
(
H
Y
3
)
,
51—64.
U
.
S
.
A
r
m
y
,
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
,
O
m
a
h
a
D
i
s
t
r
i
c
t
,
(
1
9
5
2
)
.
S
e
d
i
m
e
n
t
T
r
a
n
s
p
o
r
t
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
S
t
u
d
y
o
f
M
i
s
s
o
u
r
i
R
i
v
e
r
a
t
O
m
a
h
a
,
N
e
b
r
.
U
n
p
u
b
l
i
s
h
e
d
R
e
p
o
r
t
.
  
U.S
.
Bu
re
au
of
Re
cl
am
at
io
n,
(19
58)
.
In
te
ri
m
Re
po
rt
,
To
ta
l
Se
di
me
nt
Tra
nsp
ort
Pro
gra
m,
Low
er
Col
ora
do
Riv
er
Bas
in:
Se
di
me
nt
at
io
n
Se
c.
,
Hy
dr
ol
og
y
Br.
,
Div
.
Pro
f.
Inv
.,
175
pp.
U.S
.
Wa
te
rw
ay
s
Ex
pe
ri
me
nt
St
at
io
n,
(19
35)
.
St
ud
ie
s
of
Ri
ve
r
Bed
Mat
eri
als
and
The
ir
Mov
eme
nt,
wit
h
Spe
cia
l
Ref
ere
nce
to
the
Low
er
Mi
ss
is
si
pp
i
Riv
er,
U.S
.
Wat
erw
ays
Exp
t.
Sta
.,
Pap
er
17,
161 pp.
van
oni
,
V.
A.,
(19
75)
.
Se
di
me
nt
at
io
n
Eng
ine
eri
ng,
Am.
Soc
.
Civ
il
Eng
r.,
Man
ual
s
and
Rep
ort
s
on
Eng
ine
eri
ng
Pra
cti
ce
— N
o.
54,
745 pp.
Van
oni
,
V.
A.,
and
Bro
oks
.
H.
H.,
(19
57)
.
Lab
ora
tor
y
Stu
die
s
of
the
Rou
ghn
ess
and
Sus
pen
ded
Loa
d
of
All
uvi
al
Str
eam
s,
Cal
ifo
rni
a
Inst. Technology, Report No. E-68.
Wol
man
,
M.
6.,
(19
54)
.
A
Met
hod
of
Sam
pli
ng
Coa
rse
Riv
er
Bed
Hat
eri
al,
Am. Geophys. Union Trans., 22) (6), 951 pp.
 
    
    
  
  
 
 
 
  
    
   
DISCUSSION
Dr.
E.
Ong
ley
:
We
are
all
awa
re
of
the
fac
t t
hat
the
rel
ati
ons
hip
bet
wee
n
sed
ime
nt
dis
cha
rge
and
flo
w i
s
gen
era
lly
non
—li
nea
r
whe
n w
e
are
loo
kin
g a
t
tot
al
sed
ime
nt.
I a
m w
ond
eri
ng,
do
you
hav
e
any
fee
lin
g
for
the
rel
ati
on-
shi
p b
etw
een
the
fin
er
tha
n 6
2 u
fra
cti
on
wit
h f
low
?
15
it
bec
aus
e i
t i
s
not
dep
th
dep
end
ent
?
Is
it
rea
lly
a
sim
ple
fun
cti
on
of
flo
w?
Mr.
J.
Cul
ber
tso
n:
No.
The
fin
e m
ate
ria
l i
s t
hat
mat
eri
al
fin
er
tha
n 6
2
mic
ron
s
and
I m
igh
t
men
tio
n
tha
t H
ydr
o
Com
p h
as
a m
ode
l o
ut
whe
re
the
y
sto
p
at
50
mic
ron
s.
Why
the
y
sel
ect
ed
tha
t
I d
on'
t
kno
w.
Thi
s
fin
e
ma
te
ri
al
has
bee
n
cal
led
was
h
loa
d.
The
re
is
no
rel
ati
on
bet
wee
n
the
con
cen
tra
tio
n
or
loa
d
of
was
h
loa
d
wi
th
the
hyd
rau
lic
s.
It
is
not
ve
lo
ci
ty
—
and
de
pt
h
dep
end
ent
.
The
san
ds
do
re
la
te
wel
l
wi
th
ve
lo
ci
ty
-d
ep
th
re
la
ti
on
s
but
the
fin
e m
at
er
ia
l,
no.
Thi
s
is
a
rea
l
pr
ob
le
m
be
ca
use
you
can
not
pre
dic
t
the
fine material or washload.
  
  
Sediment Storage
and
Remobilization
Characteristics
of Watersheds
J. Knox
INTRODUCTION
Accuracy
in
estimating
long
term
sediment
yields
depends
to
a
large
degree
on
understanding
the
natural
variability
of
the
magnitude
and
frequency
of
surface
runoff.
Although
the
magnitude
and
frequency
char-
acteristics
of
surface
runoff
are
normally
presumed
to
display
random
variation
over
time,
this
presumption
is
often
not
fulfilled.
Long
hy-
drologic
records
spanning
many
decades
and
proxies
of
surface
runoff
that
extend
to
century
time
scales
indicate
that
natural
departures
from
the
long
term
average
often
occur
in
clustered
sequences.
Because
many
hydrologic
records
span
only
short
periods
of
time,
a
condition
which
is
especially
true
for
sediment
yield
records
in
many
small
watersheds,
it
is
important
that
observed
erosion
and
sediment
transport
rates
be
calibrated
to
reflect
the
range
of
both
short
term
and
long
term
variations.
Significant
changes
in
erosion
and
sediment
transport
often
occur
when
an
existing
balance
between
land
cover
and
climate
is
disrupted.
Disruption
may
occur
naturally
in
response
to
climatic
change,
or
it
may
be
produced
in response
to
changes
of
land
use.
The
responses
of
sediment
yield
to
changes
of
climate
or
land
use
are
mostly
related
to
changes
in
the
magnitude
and
frequency
character—
istics
of
surface
runoff.
It
is
also
apparent
that
changes
in
magnitude
and
frequency
of
surface
runoff,
in
turn,
cause
changes
both
in
the
functional
relationship
between
sediment
yield
and water
yield
and
in
the
sediment
delivery
ratio.
Nearly
all
of
the
techniques
currently
in practice
for
estimating
long
term
sediment
yields
of
watersheds
involve
an
assumption
of
temporal
uniformity
(stationarity)
in
the
time
series
of
variables
that
relate
to
either
precipitation
or
runoff.
Over
the
time
span
of
several
decades
and
longer,
the
assumption
of
stationarity
may
not
be
met
because
of
changes
in
either
climate
or
land
use
or
both.
TH»: vasem
OF
SEDINENT
Tt-RousH WATERSI-EDS
Long term changes
in the magnitude and frequency of surface runoff
can alter
the
long
term rate of
movement
of
sediment through
a watershed
by
causing
changes
in
the
rate of
upland
erosion and/or
in
the
volume
of
sediment
that
is
stored
in
the
watershed
as
colluvium
and alluvium.
The volume
of
upland
erosion is
largely
related
to
storms
and
surface
runoff
events
of
moderate magnitude
and
frequent occurrence.
For
example,
Wischmeier
(1962)
found
that three-fourths of the soil losses from small, cultivated, single—
cover plots in the United States were caused by an average of about four
storms per year.
Piest
(1965, p. 101) concluded that, on
the average, more
than
one—half
of
the
annual
soil
losses
from
72
small
watersheds
from
17
states
was
related
to
storms
that
occur
more
often
that
once
per
year.
137
 
 Although the data of Wischmeier and Piest make it clear that most upland
sedi
ment
loss
is
rela
ted
to m
ete
oro
log
ica
l e
vent
s t
hat
recu
r r
ela
tiv
ely
freq
uent
ly,
the
actu
al
tota
l nu
mber
of e
vent
s is
rela
tive
ly s
mall
.
For
exam
ple,
Knox
et
a1.
(197
5,
p.
42)
foun
d t
hat,
for
smal
l I
owa
wat
ers
hed
s
drai
ning
less
than
10 s
quar
e mi
les
(16
kmz)
, t
he s
uspe
nded
sedi
ment
yiel
d of
only
eigh
t t
o t
en
days
norm
ally
acc
ount
ed
for
more
than
90
perc
ent
of
the
annu
al
yiel
d.
The
actu
al
numb
er
of
days
per
year
that
are
asso
ciat
ed
with
rela
tive
ly
high
mag
nit
ude
susp
ende
d s
edim
ent
yiel
ds
incr
ease
s s
ligh
tly
as
drai
nage
area
incr
ease
s (
Figu
re
1).
It m
ay
be
conc
lude
d t
hat
the
bulk
of
eros
ion
and
tra
nsp
ort
ati
on
of
sedi
ment
s f
rom
upla
nd
site
s i
s r
elat
ed
to
a
very
smal
l n
umbe
r o
f h
ydro
logi
c e
vent
s,
whos
e o
ccu
rre
nce
is
dep
end
ent
upon
the
deve
lopm
ent
of s
peci
fic
mete
orol
ogic
al c
ondi
tion
s.
The
impo
rtan
ce o
f a
smal
l n
umbe
r o
f c
lima
tic
even
ts
make
s c
lima
te
var
iat
ion
crit
ical
to
the
I
exp
lan
ati
on
of
lon
g t
erm
var
iat
ion
s o
f t
he
mob
ili
ty
and
sto
rag
e o
f s
edi
men
ts
in
wat
ers
hed
s.
A m
ode
st
cha
nge
in
an
exp
ect
ed
sea
son
al
loc
ati
on
of
a s
tor
m
trac
k or
air
mass
boun
dary
affe
cts
the
numb
er
of
occ
urr
enc
es
of d
ays
wit
h
hig
h m
agn
itu
de
sed
ime
nt
yie
lds
.
Cli
mat
e c
han
ges
of
thi
s t
ype
exp
lai
n m
ost
of
both
the
shor
t a
nd
long
term
var
iat
ion
s o
f u
plan
d s
edim
ent
yiel
ds.
 
Lon
g t
erm
var
iat
ion
s
in
the
mag
nit
ude
and
fre
que
ncy
of
sur
fac
e
runo
ff
also
affe
ct
the
bal
anc
e b
etw
een
sedi
ment
that
is
erod
ed
and
tran
s-
por
ted
ver
sus
sed
ime
nt
tha
t i
s s
tor
ed
as
col
luv
ium
and
all
uvi
um
(se
dim
ent
del
ive
ry
rat
io)
.
Mil
len
ia
sca
le
epi
sod
es
of
cha
nne
l a
llu
via
tio
n a
nd
cha
nne
l
deg
rad
ati
on
have
been
doc
ume
nte
d a
s o
ccu
rri
ng
over
wide
regi
ons
(Sta
rkel
,
196
6,
197
2;
Hay
nes
, 1
968
, 1
976
; K
lim
ek
and
Sta
rke
l,
197
4;
INQ
UA
Hol
oce
ne
Symp
osiu
m,
1975
; K
nox,
1976
; a
nd
John
son,
1976
).
The
reg
ion
al
syn
chr
one
ity
of
man
y d
ocu
men
ted
all
uvi
al
epi
sod
es
pro
vid
es
evi
den
ce
tha
t t
he
sed
ime
nt
del
ive
ry
rat
io
is
sub
jec
t t
o c
han
ge
on
lon
g t
erm
tim
e s
cal
es.
Cur
ren
t
est
ima
tes
of
lon
g t
erm
ave
rag
e s
edi
men
t d
eli
ver
y r
ati
os
hav
e s
ugg
est
ed
tha
t
the
rat
io
var
ies
inv
ers
ely
wit
h d
rai
nag
e a
rea
rai
sed
to
the
O.1
25—
O.2
0 p
owe
r
(Pi
est
, M
ill
er,
and
Van
omi
, 1
975
, p
p.
462
-46
3;
EPA
, 1
973
, p
. 5
8).
Yea
r t
o
yea
r v
ari
abi
lit
y i
n s
urf
ace
run
off
may
cau
se
lar
ge
dep
art
ure
s f
rom
the
I
exp
ect
ed
ave
rag
e
sed
ime
nt
del
ive
ry.
For
exa
mpl
e,
whe
n l
and
cov
er
is
hel
d
con
sta
nt,
the
mag
nit
ude
of
the
sed
ime
nt
del
ive
ry
rat
io
inc
rea
ses
wit
h
inc
rea
sin
g r
uno
ff
(Pi
est
, K
ram
er,
and
Hei
nem
ann
, 1
975
, p
. 1
32;
Mut
chl
er
and
Bow
ie,
197
6,
p.
1—2
1).
If,
ove
r
the
lon
g t
erm
, v
ege
tat
ive
cov
er
imp
rov
es
to
bet
ter
pro
tec
t t
he
lan
d s
urf
ace
fro
m e
ros
ion
and
act
s a
s a
fri
cti
on
fac
tor
to
red
uce
the
rat
e o
f s
urf
ace
run
off
, t
hen
sed
ime
nt
del
ive
ry
per
cen
tag
es
wil
l d
ecl
ine
(Pi
esL
,
Kia
met
,
and
Hei
nem
ann
, 1
975
,
pp.
139
-14
0).
On
the
oth
er
han
d,
if
cha
nge
s
in
run
off
are
ass
oci
ate
d w
ith
hig
hly
var
iab
le
flo
od
flo
ws
wit
h r
ela
tiv
ely
fre
que
nt
rec
urr
enc
e o
f l
arg
e f
loo
ds,
the
n s
tre
am
cha
nne
ls
are
lik
ely
to
bec
ome
uns
tab
le
and
flo
odp
lai
n e
ros
ion
may
fol
low
(Sc
hum
m a
nd
Lic
hty
, 1
963
,
pp.
74-
76;
Ste
ven
s g
g 3
1.,
197
5;
and
Kno
x,
197
6,
pp.
182
—18
6).
in
sum
mar
y,
the
amo
unt
of
tra
nsp
ort
ati
on
and
/or
sto
rag
e
of
sed
ime
nt
in
wat
ers
hed
s i
s d
omi
nat
ed
by
a re
lat
ive
ly
sma
ll
num
ber
of
hyd
rol
ogi
c
eve
nts
tha
t t
end
to
occ
ur
eac
h y
ear
.
The
act
ual
fre
que
ncy
and
the
cha
rac
ter
-
ist
ics
of
the
cri
tic
al
hyd
rol
ogi
c e
ven
ts
is
str
ong
ly
dep
end
ent
on
the
prevailing climate and land use characteristics.
IMPACT OF LONG TERM VARIATIONS OF CLIMATE
The importance of climate as a variable influencing short term
vari
atio
ns o
f s
edim
ent
yiel
ds
is g
ener
ally
acce
pted
, bu
t ma
ny,
if n
ot m
ost,
investigators assume that climate variations are essentially random in
rela
tion
to t
ime
scal
es
than
span
seve
ral
deca
des
or l
onge
r.
The
assu
mpti
on
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FIGURE 1
The
relationship
between
days
of
occurrence
of
relatively
high
magnitude
suspended
sediment
yield
and
drainage
area.
The
equation
explains
seventy-six
percent
of
the
variance
of
high
sediment
yield
days
and
is
significant
at
the
0.01
probability
level.
High
yield
days,
as
defined
here,
accounted
for
an
average
of
eighty-five
or
more
percent
of
annual
sediment
yields
in watersheds
draining
500
square
miles
(1300 kmz). Only
about sixty
percent
of
the
total
annual
suspended
sediment
yields
were
represented
by
the
high
yield
days
when
the
drainage
area
increased
to about
5000
square miles
(13000 m2).
The data
utilized
in
the
above equation
provide
quantitative
documentation that a
very
large fraction
of
the
total annual
yield
of
suspended
sediment
from
a
watershed
is
related
to
hydrologic
events
which
occur
on
only
a
small
number
of
days
during
the
year.
The
specific
magnitude
and
frequency
characteristics
of
the critical hydrologic events are in turn highly
sensitive
to
variations
in
the
dominant
climatic
regimes.
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 of
ra
nd
om
ne
ss
is
fr
eq
ue
nt
ly
no
t
su
pp
or
te
d
by
lo
ng
hi
st
or
ic
al
re
co
rd
s
of
cl
im
at
e
no
r
by
pr
ox
ie
s
of
lo
ng
cl
im
at
e
re
co
rd
s
(e.
g.,
tr
ee
ri
ng
Ch
ar
ac
te
r—
istics) (Lamb, 1966, pp. 56—112).
Cl
im
at
e
ci
rc
ul
at
io
n
re
gi
me
s
ar
e
of
te
n
ch
ar
ac
te
ri
ze
d
by
po
si
ti
ve
and
ne
ga
ti
ve
fee
dba
ck
me
ch
an
is
ms
tha
t
lea
d
to
pe
rs
is
te
nc
e
of
an
om
al
ous
con
dit
ion
s.
Per
sis
ten
ce
of
cer
tai
n
"pr
efe
rre
d"
cir
cul
ati
on
reg
ime
s,
in
tur
n,
co
nt
ri
bu
te
to
pe
rs
is
te
nc
e
in
ch
ar
ac
te
ri
st
ic
s
of
hy
dr
ol
og
ic
eve
nts
.
Per
sis
ten
ce
occ
urs
on
man
y
tim
e
sca
les
.
For
exa
mpl
e,
an
ana
lys
is
by
thi
s
aut
ho
r
re
vea
le
d
tha
t,
for
the
yea
rs
194
1—1
969
,
fr
eq
uen
ci
es
of
flo
ods
in
29
Upp
er
Mi
ss
is
si
pp
i
Val
ley
wa
te
rs
he
ds
di
sp
la
yed
pa
tt
er
ns
of
de
pa
rt
ur
e
fro
m
av
er
ag
e
tha
t
wer
e
st
ro
ng
ly
pe
rs
is
te
nt
on
ap
pr
oxi
ma
te
ly
a
de
ca
da
l
tim
e
sca
le
(Fi
gur
es
2
and
3).
The
num
be
r
of
"ru
ns"
of
co
ns
ec
uti
ve
oc
cu
rr
en
ce
s
of
flo
od
fre
que
nci
es,
exp
re
ss
ed
as
fiv
e—y
ear
run
ni
ng
ave
ra
ge
s
in
Fi
gur
e
2,
was
nea
rly
fou
r
sta
nda
rd
de
vi
at
io
ns
bel
ow
the
exp
ec
te
d
me
an
num
ber
for
a
st
at
is
ti
ca
ll
y
ra
nd
om
arr
ay.
It
was
est
ima
ted
tha
t
dep
art
ure
s,
of
the
abo
ve
de
ca
da
l
sca
le,
wer
e
re
sp
on
si
bl
e
for
fou
r
to
sev
en—
fol
d
var
ia
ti
on
s
in
the
ave
rag
e
sho
rt
ter
m
sediment yields.
An
exa
mpl
e
of
how
sur
fac
e
run
off
can
var
y
be
tw
ee
n
cl
im
at
ic
al
ly
dif
fer
ent
yea
rs
is
pro
vid
ed
in
Fig
ure
4 w
hic
h
rep
res
ent
s
the
Kic
kap
oo
Riv
er
of
so
ut
hw
es
te
rn
Wis
con
sin
.
The
two
hyd
ro
gr
ap
hs
of
Fi
gur
e
4 d
epi
ct
how
sur
fa
ce
run
off
,
the
po
rt
io
n
of
the
run
off
inc
lud
ed
in
the
spi
kes
abo
ve
the
da
sh
ed
lin
es
on
the
hy
dr
og
ra
ph
s
of
Fig
ure
4,
can
var
y
be
tw
ee
n
a
re
la
ti
ve
ly
dry
yea
r
lik
e
196
3
and
a
rel
ati
vel
y
wet
yea
r
lik
e
196
5.
Du
ri
ng
196
3,
sur
fac
e
run
off
acc
oun
ted
for
onl
y
twe
nty
per
cen
t
of
a t
ota
l
run
off
of
6.8
inc
hes
.
The
maj
or
po
rt
io
n
of
sur
fac
e
run
off
wh
ic
h
did
oc
cur
was
re
la
te
d
to
sn
owm
el
t
in
Mar
ch
(Fi
gur
e 4
).
The
war
m
sea
son
cir
cul
ati
on
pat
ter
ns
of
196
3 w
ere
fre
que
ncy
as
so
ci
at
ed
wit
h
reg
ime
s
whi
ch
en
ha
nc
ed
air
mas
s
st
ab
il
it
y
ove
r
the
Kic
kap
oo
Riv
er
bas
in.
Dur
ing
196
5,
the
reg
ime
s
of
upp
er
atm
osp
her
ic
cir
—
cu
la
ti
on
pr
om
ot
ed
the
oc
cur
re
nc
es
of
fre
que
nt
and
hea
vy
ra
in
fa
ll
s,
es
pe
ci
al
ly
dur
in
g
cl
im
at
ic
tr
an
si
ti
on
per
iod
s
at
the
be
gi
nn
in
g
and
end
of
the
wa
rm
se
as
on
.
Th
e
to
ta
l
ru
no
ff
for
19
65
wa
s
ap
pr
ox
im
at
el
y
13
.4
in
ch
es
an
d
ab
ou
t
on
e—h
al
f
of
it
oc
cur
re
d
as
sur
fac
e
run
off
.
The
yie
lds
of
su
sp
en
de
d
sed
ime
nt
fr
om
th
e
tr
ib
ut
ar
ie
s
of
th
e
Ki
ck
ap
oo
wa
te
rs
he
d
in
19
65
we
re
es
ti
ma
te
d
to
be
ap
pr
ox
im
at
el
y
fi
ve
ti
me
s
gr
ea
te
r
th
an
the
yi
el
ds
fr
om
the
sa
me
tr
ib
ut
ar
ie
s
in
19
63
(T
ab
le
1).
Th
e
da
ta
of
Ta
bl
e
1
in
di
ca
te
th
at
re
la
ti
ve
ly
mo
de
st
cha
nge
s
in
the
re
cur
re
nc
e
fr
eq
uen
ci
es
of
sur
fac
e
run
off
,
as
re
pr
es
en
te
d
in
Fig
ure
2,
can
imp
ose
rat
her
dr
am
at
ic
imp
act
s
on
bot
h
sho
rt
and
lon
g
ter
m
se
di
me
nt
yi
el
ds
.
It
is
im
po
rt
an
t
to
no
te
tha
t
lo
ng
hy
dr
ol
og
ic
ti
me
se
ri
es
of
te
n
sh
ow
pa
tt
er
ns
of
pe
rs
is
te
nt
de
pa
rt
ur
es
fr
om
"l
on
g
te
rm
av
er
ag
es
".
Th
is
ca
n
be
il
lu
st
ra
te
d
by
the
pa
tt
er
n
of
re
cu
rr
en
ce
of
la
rg
e
fl
oo
ds
on
the
up
pe
r
Mi
ss
is
si
pp
i
Ri
ve
r
(F
ig
ur
e
5),
and
bv
the
mu
lt
i—
ce
nt
ur
y
re
co
rd
of
lo
w
flo
w
sta
ges
of
the
Nil
e
Riv
er
(Fi
gur
e
6).
Ma
ny
se
di
me
nt
yi
el
d
re
co
rd
s
ar
e
su
ff
ic
ie
nt
ly
sh
or
t
to
in
cl
ud
e
th
e
ef
fe
ct
s
of
st
ro
ng
cl
im
at
ic
bia
ses
.
Co
mb
in
in
g
se
di
me
nt
re
co
rd
s
wi
th
rel
ate
d,
bu
t
lo
ng
er
,
re
co
rd
s
re
pr
es
en
ti
ng
st
re
am
fl
ow
du
ra
ti
on
cu
rv
es
ma
y
be
un
sa
ti
s—
fac
tor
y
bec
aus
e:
a)
it
inv
olv
es
the
mi
xi
ng
of
no
ne
ho
mo
ge
ne
Ou
s
da
ta
set
s,
an
d
b)
mo
st
st
re
am
fl
ow
re
co
rd
s
da
te
on
ly
fr
om
th
e
cu
rr
en
t
ce
nt
ur
y,
a
pe
ri
od
th
at
is
th
ou
gh
t
by
se
ve
ra
l
cl
im
at
ol
og
is
ts
to
ha
ve
ex
pe
ri
en
ce
d
fr
eq
ue
nt
an
om
al
ou
s
cl
im
at
e
co
nd
it
io
ns
(W
ah
l
an
d
La
ws
on
,
19
70
;
La
mb
,
19
74
;
Br
ys
on
,
19
74
).
If
lo
ng
te
rm
es
ti
ma
te
s
of
th
e
mo
bi
li
ty
an
d
st
or
ag
e
of
se
di
me
nt
s
ar
e
co
nf
in
ed
to
a
co
mi
ng
de
ca
de
or
two
,
the
n
hy
dr
ol
og
ic
re
co
rd
s
sh
oul
d
be
we
ig
ht
ed
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 TABLE 1*
Estimated
Suspended
Sediment
Yields
for
Average
Drainage
Areas
of
Stream
Orders
in
the
Kickapoo
Watershed
Upstream
of
LaFarge, Wisconsin
"Strahler"
Average
Sediment
Yield
(tons/miz)
Stream
Drainage
"wet"*
"dry"*
"average"
Order
Area
(miz)
1965
1963
1
.016
2450
475
1430
2
.07
2025
390
1180
3
.33
1640
310
945
4
1.55
1320
250
760
5
6.65
1100
210
630
6
30.50
885
170
520
 
*The
sediment
yield
data
were
generated
from
seasonally
calibrated
sediment
rating
curves
derived
from
U.S.
Geological
Survey
sediment
data
collected
for
the
Kickapoo
River
near
LaFarge,
Wisconsin.
For
further
information
see
Knox
g£_§l.,
1975,
pp.
50-57.
I
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FIGURE 3
D
e
c
a
d
a
l
scale
v
a
r
i
a
t
i
o
n
in
s
e
a
s
o
n
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
flood
occurrences
(After
Knox
g
t
31.,
1975,
pp.
10,
17, 30-40).
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FIGURE 4
Climatic
influence
on
runoff.
Data
from
U.S.
Geological
Survey.
After
Knox
35
al.,
1975,
p.
51.
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Annual flood series, Mississippi River at Keokuk, Iowa.
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Progressive 50-year average stages of Nile River.
Redrawn from Stevens' Fig. 9 closure to paper by
Jarvis (1935, p. 1048).
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to
reflect
probable
climatic
trends.
If
long
term
estimates
of
the
mobility
and
storage
of
sediments
are
to
extend
to
century
and
longer
time
scales,
then
probabilistic
interpretations
of
duration
curves
based
on
long
records
represent
"best
available"
approximations.
Planning
for
long
term
mobility
and
storage
of
sediments
in
watersheds
should
probably
be
viewed
in
relation
to
scenarios
of
possible
conditions
of
climate
influence.
INPACT
0F
LONG
TERM
VARIATIONS
OF
LAND
USE
The
long
term
mobility
and
storage
of
sediment
in
watersheds
is
influenced
by
land
use
in
a
way
that
is
analogous
to
climate
changes,
because
both
involve
disturbance
of
the
relationships
amongst
precipitation,
land
cover,
and
runoff.
The
influence
of
land
use
on
sediment
yield
has
been
investigated
extensively
(e.g.,
Federal
Inter—Agency
Sedimentation
Con-
ferences:
1947,
1963
and
1976;
U.S.
Environmental
Protection
Agency,
1973;
International
Association
of
Hydrological
Sciences,
1974;
U.S.
Agricultural
Research
Service,
1975;
and
the
American
Society
of
Civil
Engineers
Task
Committee
on
Sedimentation,
1975).
Most
studies
have
dealt
with
contemporary
relationships
between
sediment
yield
and
land
cover,
and
relatively
few
have
considered
the
implications
of
land
use
changes
on
the
long
term
mobility
and
storage
of
sediment
in
watersheds.
Changes
of
land
use
directly
affect
the
magnitudes
of
surface
runoff
and
sediment
yield
for
any
given
storm,
although
the
impact
is
usually
greatest
in
relation
to
moderate
magnitude
storms
of
relatively
frequent
recurrence.
Knox
gt
21.
(1975,
pp.
58—65)
found
that
conversion
of
the
natural
vegetation
of
a
SW
Wisconsin
watershed
to
agricultural
land
use
increased
the
magnitudes
of
moderate
magnitude
floods
by
a
factor
of
four
to
seven
times.
A
similar
study
of
long
term
focus,
representing
the
Maryland
Piedmont
(Wolman,
1967),
indicated
that
sediment
yields
increased
three
to
eight
times
following
conversion
of natural
forest
to
agricultural
land
use.
Wolman's
study
also
revealed
that
sediment
yields
from
areas
undergoing
urban
construction
may
be
as
much
as
1000
times
greater
than
presettlement
rates.
Much
of
the
sediment
that
is
related
to
man-induced
accelerated
surface
runoff
is
transported only
short distances
within a
watershed
(Happ
gt
31.,
1940;
Trimble,
1971,
1975;
Knox
gt
51.,
1975,
pp.
66-70;
Renfro,
1975).
A
change
to
improved
land
use
or
watershed
conser-
vation
practices
can
result
in
erosion
of
sedimentary
deposits
that
accu-
mulated
during
preceding
periods
of
high
yields
(Trimble,
1976;
Happ,
1975).
It
may
therefore
be
concluded
that
land
use
not
only
exerts
a
strong
con-
temporary
influence
on
associated
rates
of
surface
runoff
and
sediment
yields,
but
it
may
indirectly
affect
watershed
processes
and
sediment
yields
of
subsequent
periods
as
channel
systems
attempt
to
reestablish
an
equilibrium
with new watershed conditions.
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 DISCUSSION
Dr.
D.
Bouldin:
One
of
the
problems
we
always
run
into
is
that
we
have
got
to
make
estimates
based
on
imperfect
knowledge.
Now
I
see
nothing
partic—
ularly
wrong
with
that,
but
what
really
bothers
me
is
that
most
of
the
time
we
have
no
way
to
estimate
how
sure
we
are
about,
or
put
confidence
intervals
on,
those
estimates,
particularly
sediment
loads.
What
kinds
of
handles
can
we
put
on
this
problem?
In
other
words
how
do
we
make
an
estimate
of
a
confidence
interval
for
a
sediment
load
that
may
be
derived
from
two
or
three
years of data?
Dr.
J.
Knox:
Well, again
I
am
sure
this
probably
varies
regionally.
The
situation
that
I
am
familiar
with
in
the
upper
midwest
is
that
we
do
see
frequently
decadal
scale
persistence
in
the
records,
and
we
can
look
at
longer
term
records
of
climate
or
climate
proxies.
In
this
case
we
have
records
of
temperature
that
we
can
take
back
to
1820
or
so.
In
the
case
of
Canada,
the
Hudson
Bay
Company
has
some
nice
records
that
go
back
farther.
I
think
what
we
need
to
do
is
look
at
these
kinds
of
records
and
see
to
what
degree
the
probabilities
of
recurrence
of
certain
kinds
of
critical
events
that
transport
sediment
might
have
varied
within
those
records.
Now,
this,
I
think,
is
preferable,
at
least
from
my
point
of
view,
in
estimating
what
is
likely
to
happen,
say
over
the
next
10
years
than
just
assuming
pure
randomness.
I
think
yOu
come
up
with
a
better
figure,
but
again
I
think
because
we
do
not
have
the
capability
of
perfect
prediction,
even
very good
prediction
right
now,
that
probably
the
scenario
approach
is
still
a
requirement.
You
have
to
look
at
it
in
terms
of
what
is
possible
and
I
think
those
probability
figures
are
pretty
good
in
telling
you
what
is
possible,
perhaps
even
what
is
reason—
ably
probable.
We
see
right
now,
at
least
occuring
since
about
1950,
a
return
to
circulation
patterns
that
seem
to
have
characterized
many
years
in
the
previous
century,
recurred
with
much
greater
frequency.
Now whether
that
is
going
to
continue
to
happen,
I
have
no
way
of
knowing,
but
it
is
interesting
that
some
of
the
patterns
we
have
now
apparently
are
similar
to
ones
that
occurred
over
long
periods
of
time.
Much
of
the
first
half
of
the
20th
century
had
recurrence
frequencies
of
circulation
patterns,
preciptation
characteristics
and
runoff
that
may
be
a
little
bit
unusual
over
the
long
term
scale
of
the
last
200
years
or
so.
Now,
if
that
is
true
and
we
are
working
from
duration
curve
extrapolations
and
we
weight
our
data
relative
to
the record,
that
is not
really
representative
of what
is
going
to occur
in
the
next
decade
or
so;
then
we
are
in
trouble.
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c
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s
t
i
c
s
of Watersheds
C. Hardin
INTRODUCTION
The
movement
in
a
watershed
of
a
sediment
particle
from
its
position
of
weathering
and
erosion
to
its
point
of
ultimate
deposition
is
a
complex
process
developing
in
time
under
random
influences.
By
definition
(Cramer,
1964),
this
movement
is
a
stochastic
process.
Most
of
what
we
knowabout
sediment
movement
and
sediment
storage
in
watersheds
comes
from
empirical
observations,
and
despite
the
fact
that
sedimentary
processes
have
been observed
for
many
decades,
only
a
few
generalizations
can
be
drawn
from
the
extensive
data
accumulated.
This
discussion
deals
with
the
following
generalizations:
(l)
the
relation
of
sediment
yield
to
drainage
area
and
its
implication
in
terms
of
sediment
storage
in
watersheds;
(2)
the
random
nature
of
daily
and
annual
sediment
loads;
(3)
short—term
in-channel
storage
of
sediment;
and
finally
(4)
a
stochastic
model
of
sediment
movement
and
its
limitations.
SEDIMENT
YIELD
AND
DRAINAGE
AREA
Sediment
yield
usually
is
determined
one
of
three
ways:
(1)
from
small
experimental
plots
where
artificial
precipitation
is
controlled
and
all
runoff
and
sediment
can
be
measured;
(2)
from
periodic
surveys
of
sediment
collected
in
reservoirs;
and
(3)
from
sampling
sediment
loads
of
streams.
Auxilliary
methods
involving
remote
sensing,
topographic
mapping
or
cross
sectional
valley
and
channel
surveys
also
are
used.
The
relations
of
sediment
yield
to
drainage
area
vary
from
arid
to humid
regions,
but
the
general
trend
is
for
the
unit
sediment
yield
to
decrease
with
increasing
drainage
area.
The
implications
are
clear;
the
movement
of
eroded
sediment
is not
continuous,
and
the
larger
the drainage
area,
the more
chances
there are for
storage
of
eroded material.
The
major unresolved
problems
with respect
to
sediment
yield are
those re-
lating
to
storage.
If all
the sediment
eroded
from the
headwater
areas
of watersheds
is not
transported
out of
the basin,
where
does
this
sediment
go,
what
is
its
residence
time while in
storage,
and what are
the
factors
that
control its
movement
and
deposition?
Despite
the
tremendous
amount
of empirical data collected to determine sediment yield from small water—
sheds,
it
has not been
possible to
draw sufficient
generalizations
to
permit answering these sorts of questions.
Most of the reliable data on sediment yield are from watersheds
with drainage areas less than about 10 square kilometres, while most
stream sediment discharge records are for basins with drainage areas
greater than 200 square kilometres.
Very little information is available
for basins
in the range of 10 to 200 square kilometres drainage area.
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EN
T
LO
AD
S
Th
e
se
di
me
nt
yi
el
d
fr
om
la
rg
e
wa
te
rs
he
ds
an
d
se
di
me
nt
di
sc
ha
rg
e
to
th
e
oc
ea
ns
ar
e
de
te
rm
in
ed
fr
om
me
as
ur
em
en
ts
of
se
di
me
nt
di
sc
ha
rg
e
at
ga
ug
in
g
st
at
io
ns
.
Th
es
e
re
co
rd
s
ar
e
co
ns
id
er
ed
fa
ir
ly
re
li
ab
le
be
ca
us
e:
(1
)
th
e
fl
ow
an
d
tr
an
sp
or
te
d
se
di
me
nt
ar
e
co
nf
in
ed
ge
ne
ra
ll
y
to
a
si
ng
le
ch
an
ne
l
wh
er
e
me
as
ur
em
en
ts
ar
e
re
la
ti
ve
ly
si
mp
le
an
d
st
an
da
rd
iz
ed
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d
(2
)
ma
ny
of
th
es
e
st
at
io
ns
ha
ve
be
en
op
er
at
ed
fo
r
ye
ar
s
so
th
at
th
e
st
oc
ha
st
ic
pr
op
er
ti
es
of
th
e
ti
me
se
ri
es
of
fl
ow
an
d
se
di
me
nt
di
sc
ha
rg
e
are well-defined.
A
co
mm
on
me
th
od
of
di
sp
la
yi
ng
se
di
me
nt
lo
ad
s
is
to
pl
ot
th
em
ag
ai
ns
t
wa
te
r
di
sc
ha
rg
e.
Ge
ne
ra
ll
y,
th
er
e
is
a
fa
ir
co
rr
el
at
io
n
wi
th
an
in
cr
ea
si
ng
tr
en
d
of
se
di
me
nt
lo
ad
wi
th
wa
te
r
di
sc
ha
rg
e,
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ti
ng
th
at
th
e
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me
va
ri
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le
s
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fe
ct
bo
th
ru
no
ff
an
d
se
di
me
nt
yi
el
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an
d
al
mo
st
al
wa
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th
er
e
is
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id
er
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le
sc
at
te
r
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ou
t
a
me
an
li
ne
re
la
ti
ng
se
di
me
nt
di
sc
ha
rg
e
to
wa
te
r
di
sc
ha
rg
e.
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pi
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ll
y,
th
e
se
di
me
nt
di
sc
ha
rg
es
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om
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id
an
d
se
mi
ar
id
re
gi
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s
ar
e
se
ve
ra
l
or
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gn
it
ud
e
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gh
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r
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n
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te
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sc
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rg
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an
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e
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re
hu
mi
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si
ns
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w
fl
ow
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e
sc
at
te
r
in
se
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me
nt
lo
ad
fo
r
ar
id
re
gi
on
s
is
fi
ve
or
si
x
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de
rs
of
ma
gn
it
ud
e
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mp
ar
ed
to
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ou
t
an
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de
r
of
ma
gn
it
ud
e
fo
r
th
e
hu
mi
d
re
gi
on
s.
Pa
rt
of
th
is
sc
at
te
r
is
se
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on
al
va
ri
at
io
n,
bu
t
ev
en
af
te
r
in
te
gr
at
in
g
ov
er
th
e
an
nu
al
cy
cl
e,
th
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e
is
co
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id
er
ab
le
sc
at
te
r
in
th
e
re
la
ti
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of
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al
se
di
me
nt
lo
ad
to
an
nu
al
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re
am
fl
ow
.
La
nd
us
e
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l
im
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ct
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se
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me
nt
yi
el
d,
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d
mo
st
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ti
vi
ti
es
su
ch
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ro
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il
di
ng
,
ur
ba
ni
za
ti
on
,
ti
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er
in
g,
an
d
st
ri
p
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ni
ng
,
if
no
t
su
bj
ec
te
d
to
ca
re
fu
l
co
nt
ro
ls
,
ca
n
in
cr
ea
se
su
bs
ta
nt
ia
ll
y
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e
se
di
me
nt
yi
el
d
of
a
sp
ec
if
ic
ar
ea
.
Th
e
ra
te
of
re
ha
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li
ta
ti
on
of
a
di
st
ur
be
d
ar
ea
is
ge
ne
ra
ll
y
ra
pi
d
in
ur
ba
n
ar
ea
s
an
d
de
cr
ea
se
s
wi
th
de
cr
ea
si
ng
an
nu
al
pr
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it
at
io
n
in
ru
ra
l
ar
ea
s.
IN
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t
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se
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y
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-
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e
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il
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ng
of
po
in
t
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an
d
fl
oo
d
pl
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wi
th
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ur
re
nt
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ra
l
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gr
at
io
n
of
ch
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,
or
it
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a
se
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al
or
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te
r-
te
rm
ph
en
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en
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re
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d
to
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dr
ol
og
ic
an
d
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au
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c
pr
op
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ti
es
of
th
e
fl
ow
.
Th
er
e
is
li
tt
le
ba
si
s
to
da
y
ot
he
r
th
an
pr
oj
ec
ti
on
of
hi
st
or
ic
al
da
ta
fo
r
pr
ed
ic
ti
ng
ra
te
s
of
la
te
ra
l
mi
gr
at
io
n
of
ch
an
ne
ls
,
bu
t
sh
or
t-
te
rm
ch
an
ge
s
re
la
te
d
to
st
re
am
hy
dr
ol
og
y
or
to
hy
dr
au
li
c
so
rt
in
g
ca
n
be
mo
de
ll
ed
wi
th
re
as
on
ab
le
su
cc
es
s
if
su
ff
ic
ie
nt
da
ta
ar
e
av
ai
la
bl
e
to
es
ta
bl
is
h
in
it
ia
l
co
nd
it
io
ns
,
bo
un
da
ry
co
nd
it
io
ns
,
an
d
in
pu
ts
.
Th
e
tw
o
ge
ne
ra
l
ap
pr
oa
ch
es
to
mo
de
ll
in
g
th
es
e
pr
oc
es
se
s
ar
e:
(1
)
to
co
ns
tr
uc
t
st
oc
ha
st
ic
mo
de
ls
of
th
e
ti
me
se
ri
es
of
wa
te
r
di
sc
ha
rg
e
an
d
se
di
me
nt
di
sc
ha
rg
e
(R
od
ri
gu
ez
an
d
No
rd
in
,
19
68
);
or
(2
)
to
em
pl
oy
co
mp
ut
at
io
na
l
hy
dr
au
li
cs
as
de
sc
ri
be
d
by
Be
nn
et
t
(1
97
4)
.
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STOCHASTIC
P’bDELs
0F
PARTICLE
VDVEMENT
M
a
t
h
e
m
a
t
i
c
a
l
l
y
,
the
p
o
s
i
t
i
o
n
v
e
c
t
o
r
§(t)
of
a
p
a
r
t
i
c
l
e
at
t
i
m
e
t is given by
I:
x
(
:
)
=
$
(
s
)
d
s
[
1
]
t
O
 
W
h
e
r
e
the
i
n
i
t
i
a
l
p
o
s
i
t
i
o
n
§(o)
=
0
at
t
i
m
e
to
=
o.
T
h
e
v
e
l
o
c
i
t
y
5,
is
a
r
a
n
d
o
m
f
u
n
c
t
i
o
n
of
p
o
s
i
t
i
o
n
and
t
i
m
e
so
i
a
l
s
o
is
a
r
a
n
d
o
m
f
u
n
c
t
i
o
n
of position and time.
E
q
u
a
t
i
o
n
1
s
a
ys
s
i
m
p
l
y
that
a
p
a
r
t
i
c
l
e
'
s
p
o
s
i
t
i
o
n
is
the
i
n
t
e
g
r
a
l
o
ve
r
its
v
e
l
o
c
i
t
y
and
the
d
e
s
c
r
i
p
t
i
o
n
is
p
r
e
c
i
s
e
w
h
e
t
h
e
r
the
m
o
v
e
m
e
n
t
is
c
o
n
t
i
n
uo
us
or
d
i
s
c
o
n
t
i
n
uo
us
.
F
r
o
m
a
p
r
a
c
t
i
c
a
l
point
of
view,
though,
the
ut
i
l
i
t
y
of
e
q
ua
t
i
o
n
1
is
r
e
s
t
r
i
c
t
e
d
to
some
few
cases
wh
e
r
e
the
p
a
r
t
i
c
l
e
ve
l
o
c
i
t
y
can
be
s
p
e
c
i
f
i
e
d
or
wh
e
r
e
the
d
i
s
t
r
i
b
ut
i
o
n
s
of
p
a
r
t
i
c
l
e
step
l
e
n
g
t
h
s
a
n
d
r
e
s
t
p
e
r
i
o
d
s
a
r
e
k
n
o
wn
;
so
the
a
p
p
l
i
c
a
t
i
o
n
s
a
r
e
l
i
m
i
t
e
d
mostly
to
the
hydraulic
problems
of
predicting
dispersion
of
fine
particles
or
bedload
transport
under
conditions
of
steady
uniform
flow.
Considerable
p
r
o
g
r
e
s
s
has
been
m
a
d
e
in
recent
years
on
these
p
a
r
t
i
c
ul
a
r
s
t
o
c
h
a
s
t
i
c
models,
but
there
still
exist
some
d
i
s
t
ur
b
i
n
g
d
e
p
a
r
t
ur
e
s
of
e
m
p
i
r
i
c
a
l
observations
from
the
theoretical
models
(Nordin,
1975),
so
the
problems
can
hardly
be
considered
solved.
Nonetheless,
it
is
encouraging
that
at
least
certain
aspects
of
the
sediment
transport
processes
can
be
approached
on
a
fairly
rigorous
mathematical
basis.
 
Although
equation
1
is
an
exact
description
of
particle
movement,
there
are
practical
limitations
in
its
applications.
The
first
restriction
requires
the
process
be
stationary;
that
is,
the
parameters
describing
the
distributions
in
the
process
should
not
vary
withtime.
A
second
restriction,
one
that
is
even
more
critical,
is
that
the
model
is
kinematic;
so
for
predictive
purposes,
it
is
necessary
to
relate
the
parameters
of
the
model
to
the
dynamic
forces
of
the
flow.
This
can
be
done
for
steady
uniform
flow
over
a
flat
bed.
For
this
case,
the
particle
steps,
5,
are
assumed
to
be
instantaneous
and
equation
1
becomes
n(t)
K
i
[2]
i = l
X(t) =
wwhere
n(t)
is
the
random
number
of
steps
in
the
time
interval
0
to
t
of
a
given
particle.
The
step
lengths
relate
to
particle
size
and
flow
conditions
near
the
bed,
while
the
number
of
steps
relates
to
these
same
factors
and
t
the
size
distribution
of
the
bed;
that
is,
to
the
number
of
particles
of
a
particular
size
that
are
available
for
transport.
The
distribution
of
rest
periods
of
a
particle
is
related
to
the
distribution
of
a
number
of
steps,
n,
and
it
provides
the
probability
that
a
particle
will
be
stored
on
the
bed
for
any
finite
time
interval.
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ed
in
th
e
ap
pr
ox
im
at
io
ns
in
equation 2.
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e
mo
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ra
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l
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 DISCUSSION
Dr.
E.
OngZey:
I
am
wondering,
if
you
have
any
feeling
for
whether
there
is
an
inverse
relationship
between
particle
size
and
the
residence
time
in
transport?
Would
you
suspect
that?
Dr.
C.
Nordin:
I
have
evidence
that
says
that
there
is
under
steady
uniform
flow
conditions.
Experimental
evidence
in
a
laboratory
flume
shows
that
the
rest
period
duration,
or
a
distribution
of
rest
periods
of
a
particle
is
a
function
of
the
particle
size.
Once
you
get
into
a
natural
condition
where
you
do
not
have
steady,
uniform
flow,
where
you
have
particles
depositing
some
place
and
picked
up
somewhere
else,
it
is
hard
to
say.
One
typical
_
.
storage
problem
that
you
would
run
into
is
in
most
natural
channels
where
_:‘d
you
have
material
eroded
from
the
outside
of
a
bed
being
deposited
on
the
‘
next
bar
downstream.
This
material
might
be
stored
in
that
bar
for
centuries
until
the
meander
sweeps
on
downstream.
So
what
is
the
rest
period
of
particles
there?
They
take
a
few
hops
along
the
channel
and
rest
in
that
bar
deposit
for
a
couple
of
decades
or
a
couple
of
centuries
until
the
meander
sweeps
on
downstream
and
picks
them
up.
This
is
important
in
terms
of
nutrients
and
contaminants
because
there
is
a
possibility
for
contaminants
to
be
deposited
in
a
flood
plain
and
then
be
re—exposed
at
a
later
time
on
a
fairly
uniform
basis.
So
you
maynever
get
these
things
out
of
the
channel.
 
Dr.
J.
Knox:
Carl
(Nordin),
what
time
scale
are
you
applying
a
randomness
on?
The
reason
I
ask
is
that
on
certain
time
scales,
things
are
certainly
not
very random; they are very episodic.
Dr.
C.
Hardin:
I do
not
think
that
the
concept
of
persistence
is
in
conflict
with
the
ideas
of
randomness
if
you
look
at
the work
that
Mandelbroth
and
Hurst
have
done,
or
even
the
work
that
G.
1.
Taylor
did
in
introducing
the
correlation
function
to
statisticians.
There
is
a
persistence,
and
until
that
correlation
dies
out
this
persistence
determines
the
movement.
Dr.
J.
Knox:
The point
is
really
how much energy
do
you want
to
expend
to
make something
that appears random at one scale really deterministic at
another scale?
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Dr.
C.
Nor
din
:
Wel
l
as
an
eng
ine
er
I a
m p
erf
ect
ly
con
ten
ted
to
wor
k w
ith
de
si
gn
liv
es.
Mo
st
en
gi
ne
er
s
are
wi
ll
in
g
to
wo
rk
wi
th
50
yea
rs
or
100
ye
ar
s
be
ca
us
e
if
the
y
de
si
gn
so
me
th
in
g,
the
y
ar
e
go
in
g
to
be
gon
e
by
the
tim
e
it
fai
ls.
Th
e
tim
e
sc
al
es
are
ve
ry
dif
fer
ent
.
I a
gr
ee
wi
th
yo
u
tha
t
the
re
ar
e
ep
is
od
es
of
ver
y
lo
w
flo
w
and
ve
ry
hi
ghf
low
of
ver
y
in
te
ns
e
ac
ti
vi
ty
and I don't know how you handle these.
Dr.
J.
Kno
x:
One
thi
ng
tha
t w
e
did
to
imp
rov
e
the
lev
el
of
exp
lai
ned
var
ian
ce
bet
wee
n w
ate
r
yie
ld
and
sed
ime
nt
yie
ld
was
to
cal
ibr
ate
for
the
var
iou
s
kin
ds
of
eve
nts
wit
hin
a g
ive
n p
hys
iog
rap
hic
are
a
and
giv
en
lan
d
use
reg
ion
.
The
ex
pl
ai
ne
d
va
ri
an
ce
ros
e
and
the
n
yo
u
cou
ld
in
te
rp
re
t
you
r
re
co
rd
s
ove
r
a
lon
ger
ter
m o
f
eve
nts
by
loo
kin
g a
t
the
str
eam
flo
w
fro
mwh
ich
you
usu
all
y
ha
ve
lo
ng
er
rec
ord
s.
It
is
a m
at
te
r
of
ca
li
br
at
in
g
ove
r
sh
or
te
r
pe
ri
od
s
of
tim
e,
for
par
tic
ula
r
tim
es
of
eve
nts
and
the
n
get
tin
g a
lon
g
equ
ati
on
wit
h
dum
my
var
iab
le
typ
e
inp
uts
whe
re
a
l o
r a
0 i
s
ahe
ad
of
the
cal
ibr
ati
on
coe
ffi
cie
nt.
If
tha
t e
ven
t
occ
urr
ed
in
tha
t
per
iod
,
it
had
a l
and
mul
ti-
pli
ed
it
in.
If
it
did
not
it
can
cel
led
it
out
.
Tha
t
giv
es
pre
tty
rea
son
abl
e
res
ult
s.
It
exp
lai
ns
mos
t
of
the
var
ian
ce
but
it
tak
es
a l
ot
of
tim
e a
nd
muc
h
eff
ort
, b
ut
it
can
be
a s
ign
ifi
can
t i
mpr
ove
men
t.
’
’
7
Dr.
C.
Har
din
:
I t
hin
k I
wou
ld
als
o a
gre
e w
ith
you
r
sug
ges
tio
n
tha
t w
hen
you
sta
rt
sim
ula
tin
g
or
try
ing
to
pre
dic
t
the
se
thi
ngs
thr
oug
h
sim
ula
tio
n y
ou
ha
ve
to
lo
ok
at
a
la
rg
e v
ar
ie
ty
of
sc
en
ar
io
s
or
you
ha
ve
to
run
a l
ot
of
rea
liz
ati
ons
of
you
r
sto
cha
sti
c p
roc
ess
and
get
som
e d
ist
rib
uti
on
of
the
se.
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Forms and Sediment Associations of Nutrients (C.N. & P.)
Pesticides and Metals
Nutrients — P
H. L. Golterman
INTRODUCTION
As most of the Dutch lakes are situated in the deltas of the Rhine
and Meuse, they receive large amounts of nutrients from this source.
In total they receive 6 g m 2, y 1; about 50% from the Rhine. The
Rhine carries about 70,000 tonnes of POt-P per year, of which 80% is
transported into the North Sea. Of the remaining 15,000 tonnes about
50 — 60% is accumulating in the Dutch lakes, which receive an annual
load of about 6 g per ml per year.
 
ESTIMATES OF RIVERINE PHOSPHATE
Sources
Three different sources of riverine phosphate — and thus of the
Rhine — can be distinguished:
1) natural erosion;
2) human waste;
3) agricultural runoff.
 
Global Phosphate Resources
A first estimate of the erosion can be made with a global mean value.
Phosphate occurs in rocks as calcium apatite, in the range between 0.07 -
0.13%. Van Wazer (1961) estimated the total amount of phosphate in the
lithosphere to be 1.1 x 1025 g of which 1017 g is present in the sea
in the dissolved state, while 1021 g is buried in marine sediments. (Only
3 x 1016 g is considered to be mineable).
Erosion-derived Phosphate
During chemical weathering the major part of this amount is converted
into a "lattice bound clay" phosphate. In unpolluted clays the phosphate
phosphorus is about 0.1%.
Following Meybeck's (1976) estimate for total solid riverine transport
(2 x 1016 g per year, = 5 x the dissolved transport) we arrive at a figure
for erosion for Pot-P of 2 x 1013 g per year.
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os
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e
re
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e
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s
of the system.
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 Long Term Studies
Experiments in an artificial pond (enclosure type) supported the
results of the bioassays. In half a year's experiment well over 1 g. per
m2 of POM—P was released by the sediments. The NTA extractable phosphate
fraction decreased in the same period by 50%.
A Sediment Phosphate Model
A schematic model discussed relates to the importance of sediment
phosphate to the general phosphate cycle.
LITERATURE CITED
Golterman, H. L., 1973. Natural phosphate sources in relation to
phosphate budgets. Water Research 7, 3—17.
Golterman, H. L., 1977. Sediments as a source of phosphate for algal
growth (In press. Proceedings of a Symposium, heldin Amsterdam
September 1976. Interactions between sediments and freshwater)
Junk/Pudoc, The Netherlands.
Meybeck, M., 1976. Total mineral dissolved transport by world major
rivers. Hydrological Sciences—Bulletin—des Sciences Hydrologiques
XXI, 2 6/1976.
Van Wazer, J R., (ed), 1961. "Phosphorus and its Compounds," 2 Vols.,
Vol. 2, Interscience, New York”.
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 DISCUSSION
Dr.
D.
Bouldin:
Does
the
soil
in
the
agar
disc
undergo
reduction
during
the
assay or does it remain oxidized?
Dr.
H.
GOZterman:
It
remains
oxidized.
Dr.
J.
Shapiro:
What
concentrations
of
NTA
do
you
use
for
extracting?
Dr.
H.
GoZteran:
0.01
molar,
pH
about
7—8.
Dr.
J.
Shapiro:
Do
you
think
the
concentrations
that
would
normally
be
expected
from
use
of
NTA
in
detergents
could
have
any
effect?
Dr.
H.
GoZterman:
No,
this
is
about
a
thousand
times
as
much.
  
  
 Forms
and
Sediment
Associations
of
Nutrients
(C.N.
&
P.)
Pesticides and Metals
Nutrients — P
r. emu
INTRODUCTION
The
purpose
of
this
discussion
is
to
summarize
current
knowledge
I
of
phosphate
transport,
particularly
as
developed
during
the
past
four
years.
Prior
to
1972,
measurement
of
both
orthophosphate
and
total
phos—
phate
in
natural
river
systems
was
done
on
a
grab
sampling
basis,
usually
without
corresponding
stream
flow
measurement.
The
inclusion
of
total
phosphate
as
a
regular
water
quality
parameter
was
actually
not
widespread
prior
to
the
midvl960's,
so
that
the
historical
record
is
both
short
and
largely
qualitative.
A
typical
record
of
this
type
is
shown
in
Figure
l.
The
absolute
variability
of
concentration
over
time
can
be
estimated
from
such
records,
but
any
projection
of
mass
flux
rate
or
annual
mass
transport
is fraught with error.
A
number
of
studies
conducted
during
1972,
1973
and
1974,
(e.g.
Baker
and
Kramer,
1973;
Cahill st 31.
1974)
have
been
based
on
sampling
procedures
utilizing
synchronous
measurement
of
storm
flow
and
chemistry,
with
particular
emphasis
upon
storm events.
This
research
has
yielded
several
facts
regarding
the
behaviour
of
phosphate
loadings.
(1)
The
concentration
of
total
phosphate
increases
with
stream
discharge,
so
that
the
phosphate
chemograph
closely
parallels
the hydrograph.
(2)
Soluble
phosphate
behaves
quite
differently
from
total
phosphate.
 
(3)
Strong
correlations
are
often
found
between
total
phosphate
and
suspended
solids
concentrations.
(4)
Mass
transport
during
storms
tends
to
comprise
a
very
large
proportion
of
total
annual
phosphate
loadings.
(5)
Past
methods
of
estimating
long
term
phosphate
loadings
on
the
basis
of
average
concentrations
have
severely
underestimated
annual mass transport.
More
recent
studies
have
continued
to
build
on
this
knowledge.
The
present
discussion
is
based
on
the
findings
of
three
such
investi—
gations:
1)
analysis
of
Lake
Erie
tributaries
in
the
LEWMSl
project
(COEZ,
1975);
2)
the
Maumee
River
Basin
Study
conducted
for
the
GLBC3
(CLBC,
1976);
and
3)
recent
analysis
of
data
for
Honey Creek
in
the Sandusky
River
Basin
of
northwest
Ohio.
Honey
Creek
has
served
as
a pilot
study
area
in
the
continuation
of
the LEWMS
project
and
thus
has
been
the
focus
of
considerable
water
quality
analysis.
(See
Figure
2)
T_—““_“T——"*"‘——““—“‘
Lake Erie Wastewater Management Study
2 United States Army Corps of Engineers
Great Lakes Basin Commission
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Figure 2. Honey Creek Watershed, Sandusky River Basin
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In
cr
ea
se
d
kn
ow
le
dg
e
of
th
e
me
ch
an
is
ms
wh
er
eb
y
ph
os
ph
or
us
is
re
le
as
ed
fr
om
in
so
lu
bl
e
fo
rm
s
ha
s
su
gg
es
te
d
th
at
th
e
pr
op
er
fo
cu
s
of
at
te
nt
io
n
in
la
ke
eu
tr
op
hi
ca
ti
on
st
ud
ie
s
is
to
ta
l
ph
os
ph
at
e,
ra
th
er
th
an
so
lu
bl
e
ph
os
ph
at
e
or
or
th
op
ho
sp
ha
te
al
on
e.
An
al
ys
is
of
th
e
be
ha
vi
ou
r
of
to
ta
l
ph
os
ph
at
e
in
ri
ve
r
sy
st
em
s
ha
s
be
en
li
mi
te
d
pr
im
ar
il
y
to
ex
am
in
at
io
n
of
re
la
ti
on
sh
ip
s
wi
th
di
sc
ha
rg
e.
In
th
e
La
ke
Er
ie
ba
si
n,
th
e
st
ro
ng
es
t
po
si
ti
ve
re
la
ti
on
sh
ip
s
wi
th
di
sc
ha
rg
e
ar
e
fo
un
d
in
th
e
we
st
er
n
tr
ib
ut
ar
ie
s
su
ch
as
th
e
Ha
um
ee
(F
ig
ur
e
3);
th
e
we
ak
es
t
as
so
ci
at
io
ns
oc
cu
r
in
th
e
ea
st
er
n
ba
si
ns
su
ch
as
th
e
Ca
tt
ar
au
gu
s
(F
ig
ur
e
4).
Pr
io
r
st
ud
ie
s
in
th
e
Br
an
dy
wi
ne
ba
si
n
of
so
ut
he
as
te
rn
Pe
nn
sy
lv
an
ia
ha
ve
al
so
in
di
ca
te
d
re
la
ti
ve
ly
po
or
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.
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c
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r
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pr
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ORnoPHOSPHATE
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te
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at
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at
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re
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ra
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re
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at
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th
e
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g
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C = CNPS + ZQp (C — Cups)
Q
where: C = orthophosphate concentration;
CNPS = orthophosphate concentration from nonpoint sources;
Qp = discharge from point source "P";
C s orthophosphate concentration in effluent frompoint
source "P";
Q = stream discharge.
The quantity CNPS represents a base-level orthophosphate concen—
tration which is related to the land use characteristics and natural features
of the watershed. In the Lake Erie basin, values of CNPS appear to range from
100-200 ug/l in the heavily—impacted western tributaries such as the Portage,
to 10—20 ug/l in the eastern watersheds. Loss of orthophosphate due to adsorp-
tion during transport may affect these relationships, although the influence
of this factor is undetermined.
Somewhat different findings have been obtained for Honey Creek,
a basin which was chosen as a test area partly because of its agricultural
nature and absence of major point sources. The orthophosphate concentration
in Honey Creek appears to be positively related to discharge--but only during
certain periods of the year. Analysis of Honey Creek data has been conducted
by partitioning streamflow into two components; direct runoff, and groundwater
outflow. The former consists of surface runoff from rainfall and snOWmelt
events, plus a portion of infiltrated water which passes rapidly to the tile
drains underlying agricultural land. Flow separation has been accomplished
solely on the basis of discharge records at the watershed mouth; experimentation
indicates that the methodology utilized is not critical. The analysis of
orthophosphate has then been based on the assumption that each observed
concentration represents a weighted average of orthophosphate concentrations
in the two flow components. That is,
Q Q
C = c _Q + c _g
be Go
where: CD = orthophosphate concentration in direct runoff;
CC = orthophosphate concentration in groundwater outflow;
QD, QG = streamflow due to direct runoff and groundwater
outflow, respectively;
The imputed orthophosphate concentrations CD and CG have been
esti
mate
d by
regr
essi
on a
naly
sis,
util
izin
g th
e 19
76 r
ecor
d fo
r Ho
ney
Cree
k
which spanned 7 months and contained more than 300 observations. Values of
CD and CG were allowed to vary among different portions of the sampling
period (through the use of dummy variables yielding the interesting results
shown in Figure 6). Both of the imputed concentrations followed a similar
pattern, falling from moderate levels in mid—winter to low values in April,
then rising to high levels in June and July. The seasonal variation was
more pronounced for the imputed orthophosphate concentration in direct runoff;
and this quantity was generally higher than the imputed groundwater concen—
tration.
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The rise in concentrations from April to June is believed to be
related to fertilizer application on agricultural land. This finding, if
verified in other watersheds, could provide an important index of the
agricultural contributionto phosphate loadings. The decline in concen-
trations from January to April could represent exhaustion of the soluble
phosphate available from agricultural activities in the previous year. The
mid-February decline in the direct runoff concentration could also be
related to another factor. Discharge during the previous period was caused
primarily by snowmelt, and contained unusually low suspended solids concen—
trations (see discussion below). The rate of phosphate adsorption during
transport could therefore have been relatively low, due to lack of available
sites. The decline in orthophosphate concentrations which followed the
major rainstorm in February 16 could thus represent, in part, simply a
return to more normal circumstances with regard to phosphate transformation.
In any case, linkage of orthophosphate concentration to the crop production
cycle appears to be the only plausible explanation for the overall patterns
shown in Figure 6.
The two—compartment approach utilized here for analysis of ortho—
phosphate could easily be expanded to a three—compartment approach by
incorporation of the point source equation given earlier. This mode of
analysis is considered promising in cases where full—scale chemical/
hydrologic modelling is not feasible.
PARTICLLATE HOSPHATE
There is little question that most of the total phosphate in
transport during storm flow conditions is occurring in association with
particulate matter, as measured by suspended solids. The overall cor—
relation between total phosphate and suspended solids is good for most, but
not all of the Lake Erie basins, (Figure 7). Linear regressions can be fitted
to these data and take the form of y = mx+b, as in the Maumee;
TP (ug/l)=l.32(SSmg/l)+153 (Maumee at Waterville, 1975).
The Brandywine Basin Data also found a good relationship between
total phosphate and solids, but used "Residue on Evaporation" (ROE) rather
than suspended solids. Those data showed the best curve fit (r2 = 0.86) to
be the power curve y=ax , yielding;
Total Phosphate (ug/l) = 1.48 (ROE) 0.975
Of course, the ROE measurement includes both suspended and
dissolved solids, and would not be suitable for basins with relatively high
dissolved solids, such as the Maumee.
Recognizing that the bulk of phosphate transport occurs with
particulates, it is of interest to take that portion of the total phosphate
which is non—soluble, defined as TPp (TP - OP = TPP), and compare its ratio
to suspended solids as the concentration changes over a hydrograph. The
linkage of total minus ortho phosphate to suspended solids concentration is
extremely strong. In the statistical analysis of Honey Creek data, the
only additional factor needed to explain total minus ortho P concentrations
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was stream discharge (which had a very low estimated exponent). By com—
bining and rearranging the predictive relationships for total minus ortho
and suspended solids, an expression has been obtained for the ratio of the
former to the latter, as a function of discharge, seasonality, and time
since start of storm. This predictive equation for the phosphorus—to—
sediment ratio (excluding orthophosphate) is depicted graphically in Figure
8. The curves in Figure 8 relate to storm periods in the spring; summer
conditions would differ slightly. Thephosphorus—to—sediment ratio is
found to be linked positively to time since start of storm, which is plotted
on the horizontal axis, and negatively to discharge.
Both of these associations are probably related to systematic
differences in the composition of the suspended load carried by the stream
during different flow conditions. In the early stages of storm events, and
during periods of high discharge generally, a large proportion of the
suspended load may consist of coarse grained materials which are relatively
low in phosphorus content. Since these are the materials most likely to be
lost from storm water during storage and transport, the sediment load at
other times tends to be limited primarily to fine colloidal particles,
which are relatively high in phosphorus. Although additional studies are
needed to provide fuller understanding of these relationships, it is clear
that the phosphorus—to—sediment ratio is fairly stable across storm events.
During non—storm periods, the ratio tends to be somewhat higher than the
values shown in Figure 8 (due in part to the more prominent role played by
soluble orthophosphate).
CJ-W‘NEL Scoua AND DEPOSITION
An issue which has been the subject of some discussion is the
role of the stream channel in sediment transport, i.e., the extent to which
observed suspended solids concentrations reflect scour and deposition
processes in the channel system. The Honey Creek data for the February
snowmelt/thaw period provide an interesting perspective on this issue. In
the four—day period from February 10 to 14, high discharges occurred entirely
as a result of snowmelt and thawing of the soil surface. Suspended solids
concentrations at Melmore would thus reflect channel scour, and land erosion
due to surface flow, rather than raindrop impact. The low concentrations
observed suggest that channel scour tends to be of relatively minor import—
ance.
The following table compares the February snowmelt period with a
four-day storm period in March, which involved a somewhat higher peak
discharge but similar total runoff. Both of these periods occurred approx—
imately two weeks after a major storm; initial discharge in each case was
90 cfs.
Suspended Solids
Peak
Discharge in cfs Load in concentration
Period Duration Peak Average metric tons (mg/l)
Feb. 10-14 4.0 days 947 820 522 104.1
March 3-7 4.0 days 1279 805 1950 506.5
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 The total suspended solids loading was nearly four times as great
in t
he M
arch
stor
m as
in t
he F
ebru
ary
snow
melt
peri
od;
and
the
peak
conc
en—
trat
ion
was
five
time
s as
grea
t.
Ther
e ap
pear
s to
be n
o re
ason
, ot
her
than
the somewhat lower peak discharge, why net channel scour should be less in
the
Febr
uary
peri
od t
han
in t
he M
arch
perio
d.
Scou
r sh
ould
perh
aps
be g
reate
r,
due
to t
he l
ow u
tili
zati
on o
f tr
ansp
ort
capa
city
by s
edim
ent
from
the
land
surface. Thus, if these figures can be regarded as representative, one
migh
t c
oncl
ude
that
chan
nel
scou
r is
resp
onsi
ble
for
no m
ore
than
abou
t 25
%
of the total suspended solids load in a moderate storm (and possibly much
less, in view of the other potential sources of sediment during snowmelt/thaw
periods). The implication would be that the bulk of suspended solids and
phos
phor
us l
oadi
ngs
from
smal
l ba
sins
such
as H
oney
Cree
k te
nd t
o or
igin
ate
from the land during the same storm period in which they are observed.
OTHER CONSIDERATIONS
Hydrologic Response
A great deal of analysis has been done (LEWMS, 1975) which considers
the
vari
atio
n in
conc
entr
atio
n of
tota
l ph
osph
ate
with
hydr
olog
ic r
espo
nse
in d
iffe
rent
wate
rshe
ds,
show
ing
the
seas
onal
ity,
stor
m du
rati
on a
nd m
ag—
nitu
de e
ffec
ts.
Seve
ral
mult
ipea
ked
hydr
ogra
phs
have
also
been
anal
yzed
,
and
demo
nstr
ated
the
"hys
tere
sis"
effe
ct.
The
conc
lusi
on d
rawn
from
thes
e
data
is t
hat
a ri
goro
us a
naly
sis
of i
ndiv
idua
l ev
ents
in a
wate
rshe
d is
nec
ess
ary
to u
nde
rst
and
the
gen
era
tio
n of
dif
fus
e p
oll
uta
nts
, a
nd
any
appl
icat
ion
of "
annu
al l
oadi
ng f
acto
rs"
is m
isle
adin
g at
best
. 0
f pa
r—
tic
ula
r i
nte
res
t i
n t
he
dat
a a
nal
yze
d w
as
the
lar
ge
var
iab
ili
ty
in
mas
s
tra
nsp
ort
pro
duc
ed
wit
h d
iff
ere
nt
stor
ms.
It
was
seen
that
any
est
ima
te
of
load
con
tri
but
ed
per
unit
are
a o
f wa
ter
she
d (
kg/h
a)
wou
ld
dep
end
ent
ire
ly
upo
n t
he
per
iod
samp
led,
and
thus
we
can
beg
in
to u
nde
rst
and
why
the
lite
r-
atu
re
show
s s
uch
a g
reat
var
iab
ili
ty
whe
n d
iff
ere
nt
sets
of
dat
a a
re
com
par
ed
in t
his
way.
Expr
esse
d q
uite
simp
ly,
ther
e is
no s
uch
thin
g as
"ave
rage
"
mas
s f
lux
pro
duc
ed
in
a wa
ter
she
d,
but
rat
her
the
dif
fus
e p
oll
uta
nt
tra
ns-
port
whic
h oc
curs
is e
ntir
ely
a fu
ncti
on o
f th
e hy
drol
ogic
resp
onse
of t
he
basi
n,
and
the
mec
han
ism
s w
hic
h g
ene
rat
e t
he
res
pon
se
det
erm
ine
the
path
—
way
s b
y w
hic
h p
oll
uta
nts
are
bro
ugh
t i
nto
sus
pen
sio
n o
r s
olu
tio
n a
nd
pass
thr
oug
h t
he
syst
em.
The
fact
that
gre
ate
r s
torm
s p
rod
uce
gre
ate
r t
ran
spo
rt
per
"uni
t a
rea"
coul
d b
e i
nte
rpr
ete
d t
o m
ean
that
an
inc
rea
sed
per
cen
tag
e
of
the
bas
in
land
are
a wa
s h
avi
ng
pol
lut
ant
s r
emo
ved
for
m i
ts
surf
ace,
as
"pa
rti
al
are
a"
hyd
rol
ogy
wou
ld
sug
ges
t (
Dun
ne,
197
3).
Dun
ne
and
oth
ers
hav
e s
ugg
est
ed
tha
t t
he
hyd
rol
ogi
c r
esp
ons
e o
f a
bas
in
doe
s n
ot
occ
ur
on
a
uni
for
m b
asi
s,
but
tha
t i
nci
den
t p
rec
ipi
tat
ion
on
cer
tai
n a
rea
s p
rod
uce
s
the
imm
edi
ate
hyd
rog
rap
h r
ise.
The
se
par
tia
l a
reas
are
flat
, i
mpe
rvi
ous
soil
s w
ith
hig
h wa
ter
tabl
e,
usu
all
y c
ont
igu
ous
to
the
dra
ina
ge
chan
nels
.
Sin
ce
dif
fus
e p
oll
uta
nt
tra
nsp
ort
occu
rs
in
ass
oci
ati
on
wit
h t
his
runo
ff,
the
man
age
men
t i
mpl
ica
tio
n i
s t
hat
onl
y a
smal
l p
ort
ion
of
a t
otal
wat
er-
shed
nee
d be
reg
ulat
ed
to
red
uce
the
pro
duc
tio
n o
f t
hese
pol
luta
nts
.
TOTAL PHOSPHATE — ORGANIC (COD) TRANSPORT
One
mig
ht
que
sti
on
the
pos
sib
ili
ty
tha
t m
uch
of
the
tot
al
pho
s—
pha
te
mea
sur
ed
wit
h s
tor
m t
ran
spo
rt
is
occ
urr
ing
in
org
ani
c m
att
er,
or
detr
itus
, r
ath
er
than
in a
sso
cia
tio
n w
ith
ino
rga
nic
mat
ter
or
soil
part
icle
s.
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_Everything
from
decaying
vegetation
to
macroinvertebrates
are
flushed
from
a
river
bottom
or
land
surface
and
of
course
contain
phosphorus.
The
only
parameter
measured
over
hydrographs
which
might
express
the
organic
trans—
port
has
been
Chemical
Oxygen
Demand
(COD).
It
has
been
observed
that
there
is
a
very
great
increase
in
concentration
of
COD
during
runoff,
reaching values
averaging
40
mg/l
and peaks
of over
100
mg/l.
This
repre-
sents an organic transport which,
in many basins,
far exceeds the input
from point sources.
I
i
As
far
as
the
relationship
between
total
phosphorus
and
COD
goes
I
however,
it
is
very
poor;
that
is,
while
both
materials
are
in
transport
during
a runoff
event,
they
do
not
seem
to
occur
in association
with
each
other.
While
these
data
is
far
from
conclusive,
they
do
not
support
the
"organic phosphorus” source possibility.
PHOSPHDRUS TRANSPORT THROUGH ESTUARIES
A
key
question
pertaining
to
the
storm
transport
of
phosphorus
out
of
river
basins
into
a
lake
such
as
Lake
Erie,
is
just
how
much
phosphorus
actually
gets
flushed
through
the estuary
and
reaches
the
lake.
Knowing
the
nature
of
these
estuaries,
the
tremendous
dredging
required
to
maintain
the
shipping
channels
and
the
sediment—associated
nature
of
most
of
the
total phosphorus,
one might
speculate that we
have exaggerated
the loading
problem,
and
in
actuality
only
a
fraction
of
a
tributary
basin's
nutrients
actually reach the
lake.
However,
synchronous sampling of
riverine and
estuarine
stations in both the Maumee and Cuyahoga
basins during several
spring
storms
in
1975
strongly
suggest,
although
not
conclusively,
that
most
if
not
all
of
the
sediment—associated
phosphate
is
flushed
through
the
estuary
during
a
large
storm.
A
great
deal
more
work,
however,
is
necessary
to answer this question satisfactorily.
 
BIOLOGICAL UPTAKE DURING NON—STORM CONDITIONS
One
final
question
pertains
to
the phosphate
which
is
discharged
from treatment plants
and either taken
up by aquatic vegetation
or pre—
cipitated by
calcium ions to settle on the stream bottom.
These mechanisms
are significant
in many
basins,
especially
during
summer,
(TMACOGI,
1976).
This
“point
source
residual"
can accumulate
in
a stream,
and
subsequently
may be
scoured during storm runoff.
However, a continuous mass balance
analysis for
several watersheds with large point source inputs,
such as the
Portage basin,
demonstrated that only a minor portion of
the total mass
transport of phosphate during storms can be accounted for by
this residual.
RESEARCH NEEDS
In an effort to better guide the management strategies which are
evolving with respect to the reduction and control of diffuse or non-point
sources in the Great Lakes, some general knowledge gaps can be identified
1‘““——’—‘—'— . .
Toledo Metropolitan Area Counc11 of Governments
 
  
regarding phosphate which have broad applicability to other pollutants.
Because of the immediate need for this information, these deficiencies receive
a higher priority than some of the long term research needs. These knowledge
gaps can be filled by four general programs carried out jointly by the various
agencies operating in the Great Lakes. They are as follows:
(1) Evaluate the effectiveneSS of land management techniques,
especially agricultural, for nutrient load reduction;
(2) Analyze storm transported phosphate to determine long
term bioavailability;
(3) Develop hydrologic response models which more accurately
simulate pollutant production and transport mechanisms, and
(4) Evaluate both the positive and negative aspects of widespread
acceptance of tillage modificatibn techniques, such as no-till.
While a great wealth of water quality data has been developed
throughout the Great Lakes Basin, it is likely that additional sampling
will be required for selected watersheds to accomplish the first three
programs. Other important research questions should not be neglected,
including a reevaluation of erosion loss analysis techniques (USLE) as
applied to watersheds, modelling particulate transport during storms, lake
bottom release rates and tile drainage effects, to mention only a few.
However, the primary objectives of research during the next two to five
years should centre on land management techniques which will actually
reduce diffuse pollutants and the evaluation of present erosion control
techniques to determine if they will accomplish the necessary reduction.
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INI'RODUCTION
Nitrogen
along
with
phosphorus
are
nutrients
that
are
required
by
most
organisms
in
large
quantities.
These
organisms
range
from
the
smallest
bacteria
to
algae
and
also
higher
plants
used
by
man
for
food.
Many
authors
have
cited
nitrogen
and
phosphorus
as
the
nutrient
elements
limiting
productivity
in
waters
(Mackenthun
33
al.,
1967;
Hasler,
1970).
Keeney
indicated
that
N
may
be
more
important
than
F
in
limiting
growth
in
eutrophic
lakes,
especially
those
high
in
P
(Keeney, 1972).
This review will consider:
1.
The
forms
of
nitrogen
involved
in
fluvial
transport
with
emphasis
on sediment N.
2.
The
relative
sources
of
nitrogen
entering
fluvial
systems.
3.
The
microbiological
and
chemical
transformations
of
nitrogen
involved
in
sediment—aquatic
environments.
A.
The
role
of
the
C/N
ratio
in
nitrogen
transformations.
5.
Identification
of
research
problems
and
knowledge
gaps.
 
I. FORMS OF NITROGEN
Ions
Nitrate-N
N0-3
soluble
anion;
product
of
nitrification; used by most
organisms; not retained in
soil, leaches readily.
Ammonium-N
NH
u
soluble
cation;
product
of
decomposition of organic
materials; utilized by most
organisms; retained on neg-
atively chargedclay particle.
Nitrite-N
N0_2
soluble
anion;
product
of
biological oxidation; toxic
to higher plants; does not
usually occur in high concen—
trations; will accumulate in
soil
or
sediment
at
high
pH
}
and under anaerobic conditions.
181
  
  
materials.
1).
ful.
Nitrous oxide
‘i Nitrogen
primarily microbiological decomposition.
extensive work in soil organic nitrogen characterization.
work, soil organic nitrogen may be divided into several categories (Table
Much of the soil organic N remains unidentified and may include amino
acids other than those previously identified and heterocyclic nitrogen
compounds (Brenner, 1967).
product of biological
decomposition; toxic;
evolved when pH is high
or under dry soil conditions.
N20 product of denitrification;
N2 constituent of atmosphere;
product of denitrification.
PARTICULATE FORMS
Many attempts have been made to identify the mostly organic forms
of nitrogen in biological systems.
compounds in fauna and flora tissue including protein, amino acids, and
nucleic acids, there are the complex N forms found in decomposed organic
In addition to the biologically viable
This organic matter, also called humus is the product of
Brenner (1967) summarized the
Based on this
+
The small amount of fixed NH“ is primarily a consequence of the
+
physiochemical entrapment of NH“ ions between the internal surfaces of
expandable clays such as illite (Figure 1).
vary with expandable clay content and the extent of interlayer weathering.
The degree of fixation will
The bioavailability of particulate N has concerned agronomists
for years and is also of interest to ecologists studying the impact of
tributary loadings on lake water quality.
bioavailability with a particular fraction or fractions has been unsuccess—
In recent years, more attention has been given to direct bioavail-
ability and mineralization tests (Stanford, 1968) and correlations
between chemical extraction and N released by incubation (Stanford and
Smith, 1976).
mineralization in soil but have not been extended to aquatic systems.
Attempts to correlate N
These tests show some promise in estimating potential N
2. Somces 0F NITROGEN ENTERING FLUVIAL SYSTEMS
a) Runoff and Erosion - the main product of runoff and erosion is
surface soil and some crop residue, leaves and other debris.
soluble N03—N and Nit-N is transported during runoff; however,
if erosion is significant the organic soil N contribution
will be much greater (Armstrong gt_al., 1974).
is enriched with nitrogen, i.e.
sediment is higher than the soil from which it originated.
Hensler and Attoe (1970) found that total N enrichment was
2.7 to 5 fold.
also the lower density of some organic matter.
particulate N content of sediment can be estimated
from a knowledge of the soils from which it was derived.
Some
Runoff sediment
the total N content of the
This is due to selective clay transport and
The total
   
     
   
  
 
    
  
   
    
   
    
    
  
   
  
    
  
 
     
TABLE 1.
FORMS
OF
P
A
R
T
I
C
U
L
A
T
E
N
IN
SOILS
Form
Z
of
total
N
Amino
-
N
20—40
Hexosamine
5-10
Purines
and
pyrimidines
~
l
Unidentified
forms
30—50
Fixed
NHl.
3—8
TABLE 2.
CHARACTERISTICS
OF
WASTEWATER
EFFLUENTS
Primary
Trickling
Secondary
Ponds
>
A
c
t
i
va
t
e
d
Sludge
ﬂag/l
Total
N
37
16
23
23
N03—N
0.3
6.3
3.9
0.7
NHu-N
23
5.9
17.0
8.0
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b)
c)
d)
e)
f)
g)
 
—
Jenny
(1941)
in
his
classic
thesis
on
soil
formation
indicated
that
soil
N
increased
wi
t
h
i
n
c
r
e
a
s
i
n
g
r
a
i
n
f
a
l
l
and
showed
that
soils
d
e
ve
l
o
p
e
d
under
grasses
contained
higher
N
levels
than
u
n
d
e
r
f
o
r
e
s
t
v
e
g
e
t
a
t
i
o
n
(
F
i
g
ur
e
2).
For
m
o
s
t
of
the
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
s
,
the
t
o
t
a
l
N
of
v
i
r
g
i
n
s
o
i
l
s
w
o
u
l
d
be
a
b
o
ut
0.1
—
0.25%.
C
u
l
t
i
v
a
t
i
o
n
has
r
e
s
u
l
t
e
d
in
s
u
b
s
t
a
n
t
i
a
l
m
i
n
e
r
a
l
i
z
a
t
i
o
n
of
s
o
i
l
N
(
F
i
g
ur
e
3)
and
p
r
e
s
e
n
t
l
e
ve
l
s
a
r
e
a
b
o
ut
6
0
-
7
0
%
of
the
v
i
r
g
i
n
s
o
i
l
N.
F
u
r
t
h
e
r
net
s
o
i
l
N
loss
is
q
u
i
t
e
l
o
w
and
c
r
o
p
r
e
s
i
d
u
e
m
a
n
a
g
e
m
e
n
t
and
a
d
e
q
u
a
t
e
N
f
e
r
t
l
i
z
a
t
i
o
n
c
a
n
m
a
i
n
t
a
i
n
soil N levels.
T
i
l
e
D
r
a
i
n
a
g
e
and
S
e
e
p
a
g
e
—
this
s
o
u
r
c
e
w
i
l
l
c
o
n
t
a
i
n
m
o
s
t
l
y
nitrate;
low
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
N
H
u—N
and
d
i
s
s
o
l
ve
d
o
r
g
a
n
i
c
—N
‘
i
may
be
found
in
tile
d
r
a
i
n
a
g
e
(Armstrong
g
t
31.,
1974).
P
r
e
c
i
p
i
t
a
t
i
o
n
—
va
r
yi
n
g
amounts
of
N
(5—50
kg/ha)
can
be
added
in
rainfall;
made
up
of
both
n
i
t
r
a
t
e
and
ammonia.
Sewage
—
the
m
a
j
o
r
source
of
N
from
d
o
m
e
s
t
i
c
sewage
is
that
d
i
s
c
h
a
r
g
e
d
as
secondary
treated
effluent.
Pound
and
Crites
(1973)
indicated
that
depending
on
the
method
of
treatment
(Table
2),
effluent
will
contain
varying
amounts
of
N
forms
with
organic
N
as
the
major
constituent.
The/organic
N
is
quite
stable
and
resistant
to
further
mineralization.
Septic
tank
leakage
can
be
a
major
component
of
N
loading
in
some
water—
sheds,
but
this
source
is
difficult
to
quantify.
Most
input
would be as nitrate.
Livestock
Wastes
—
Improper
disposal
of
livestock
wastes
due
to
inadequate
storage
facilities
or
because
of
excessive
application
to
soil
can
result
in
significant
N
additions
to
streams.
Livestock
wastes
are
highly
variable
in
their
characteristics
depending
on
livestock
type
and
the
degree
of
decomposition
of
the
manure.
Runoff
of
fresh
manure
from
barnlots
or
feedlots
can
result
in
high
BOD
and
NH3
loadings
which
can
have
disastrous
effects
on
downstream
aquatic
habitat.
Leaching
of
N03—N
from
excessively
manured
land
will
mean
increased
N
loading.
Livestock
wastes
vary
in
total
N
content
(Table
3)
and
the
percentage
of
the
total
N
that
is
subject
to
mineralization.
In
general,
about
50%
of
the
total
N
is
mineral
(NH3
+
N03)
and
about
25-50%
of
the
organic
N
is
mineralizable
in
the
first
year.
 
Processing
Wastes
—
may
be
high
in
both
NHu—N
and
organic
N.
BOD
levels
are
usually
high.
A
localized
problem.
Overall
Sources
of
N
to
Great
Lakes
—
Various
estimates
of
point
and
nonpoint
sources
of
nitrogen
would
indicate
that
about
30—50%
of
the
total
N
loadings
are
from
point
sources,
par—
ticularly
wastewater
effluents.
Loadings
of
N
to
Lake
Erie
from
various
tributaries
(Table
4)
indicate
that
most
of
the
N
is
in
the
form
of
NOa-N
with
smaller
amounts
of
organic
and
NHt—N.
If
we
assume
an
annual
mineralization
of
3%
for
the
organic
N
(based
on
rates
for
soil
N),
then
it
would
appear
that
sediment
N
is
relatively
insignificant
as
a
source
of
N
loading
to Lake Erie.
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TABLE 3.
CHARACTERISTICS OF LIVESTOCK WASTES
Total N (Percent of total Solids)
 
Dairy Cow 3.9
Beef Feeder 4.9
Swine Feeder 7.5
Sheep Feeder 4.5
Poultry Layer 5.4
Poultry Broiler 6.8
Horse 2.9
  
TABLE 4.
TRANSPORT 0F NITROGEN FROM STREAMS DRAINING INTO LAKE ERIE
(1974-1975) LAKE ERIE WASTEWATER MANAGEMENT STUDY
 
 
 
  
 
 
Stream Sediment N03—N + N02-N Ammonia—N Organic—N KjeldahLN
mt/yr x 103 mt/yr Z * mt/yr Z mt/yr Z mt/yr
Maum
ee
1222
34700
594
966
16.5
5174
88.6
5840
Cuya
hoga
483
2020
120
476
28.3
1200
71.4
1680
Sandusky 270 5170 852 213 35.1 394 64.9 607
Black 136 3520 297 338 28.5 847 71.5 1185
Huro
n
71
1180
317
46
12.4
326
87.6
372
Port
age
48
2100
808
57
21.9
203
78.0
260
* Percent of total Kjeldahl—N
\
1
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BIOLOGICAL
NITROGEN
TRANSFORMATIONS
IN
SEOINENT/WATER
SYSTEMS
The
important
sediment—nitrogen
reactions
are
visualized
in
Figure
4
(Keeney,
1972).
a)
b)
c)
d)
Nitrogen
Fixation
-
primarily
by
blue-green
algae
(Cyanophyceae).
Some
fixation
by
anaerobic
heterotrophs
has
been
reported
but
N
fixation
in
sediments
is
probably
of
only
minor
importance
(Brezonik, 1971).
Immobilization
-
also
termed
assimilation.
In
aquatic
systems,
NHt—N
assimilation
is
probably
more
significant
than
N03-N.
Whereas,
in
terrestial
systems
(soils)
bacteria
and
fungi
are
dominant
in
N
assimilation,
in
aquatic
systems
the
phytoplankton
and
herbivorous
zooplankton
are
more
important
because
of
their
numbers
and
capacity
to
assimilate
organic
materials.
Bacteria
play
an
important
role
in
the
decay
of
these
organisms.
Bacteria
may
also
be
very
important
in
utilizing
organic
N
secreted
by
zooplankton
and
converting
it
to
mineral
N
(Keeney,
1972).
Mineralization
—
Ammonification
—
Decomposition
of
organic
materials
by
heterotrophic
bacteria
results
in
the
release
of
mineral
N
as
NH“.
N
regeneration,
i.e.
net
N
release,
is
determined
by
the
stability
of
organic
forms
and
the
ability
of
the
bacteria
to
convert
organic
C
to
cellular
C
(Foree
gt
31.,
1971).
Net
mineralization
appears
to
be
less
efficient
under
anoxic
conditions
than
when
the
system
is
aerated.
The
degree
of
mineralization
of
organic
N
in
sediments
will
depend
on
the
extent
to
which
the
organic
material
is
humified
(Bremner,
1967).
Recent
organic
deposits
will
be
mineralized
to
a
greater
extent
than
organic
N
from
soils.
In
addition,
there
is
some
degree
of
stability
imparted
by
the
interaction
of
organic
compounds
with
clay
minerals.
Zooplankton
are
involved
in
ammonification
by
excreting
NH3
and
amino
acids
which
they
gain
by
feeding
on
phytoplankton
+
detritus.
Johannes
(1968)
believes
this
to
be
the
dominant
mechanism
of
ammonification
in
surface
waters.
Direct
autolysis
after
cell
death
may
account
for
30—50%
of
N
released
from
plant
and
animal
material.
Bacterial
decomposition
is
considered
to
be
of
minor
importance
in
N
mineralization
in
shallow
lakes
except
where
sewage
contributes
large
amounts
of
organic
matter.
In
sediment
systems,
however,
bacterial
and
fungal
mineralization
is
the
dominant
process.
Nitrification
—
Biological
oxidation
of
nitrogen
to
nitrite
and
nitrate
is
performed
by
heterotrophs
including
bacteria,
fungi
and
algae;
however,
these
are
of
limited
importance
compared
with
the
autotrophic
bacteria.
The
net
nitrification
is
given
as:
— - +
NH:
+
202
+
N03
+
H20
+
2H
+
energy
Nitrite,
NOE,
is
an
intermediate
oxidation
product,
but
is
rarely
present
in
significant
concentrations
because
the
rate
of
N02
oxidation
is
much
faster
than
the
initial
oxidation
of
NH,
to
N02.
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 The
autotrophs
most
responsible
for
nitrification
are
Nitrosomonas
(NHN
+
N02)
and
Nitrobacter
(N0;
+
N03).
The
conditions
for
nitrification
are
favourable
in
fluvial
systems
above
1°C
and
there
is
evidence
to
indicate
that
nitrification
will
also
proceed
in
bottom
sediments
if
they
are
stirred
and
pH
buffered (Keeney, 1972).
e)
Denitrification
—
The
biological
reduction
of
nitrate
to
gaseous
N
(N0,
N20,
N2).
This
is
a
significant
reaction
in
streams
and
lakes,
leading
to
loss
of
nitrogen
from
the
system.
Bacteria
responsible
for
denitrification
include
species
of
the
genera
Pseudomonas,
Alcaligenes,
Achromobacter,
Bacillus
and
Micrococcus.
Denitrification
occurs
in
the
absence
of
0:,
induced
by
02
consumption
during
decomposition
of
organic
material
(BOD)
and
by
the
limitation
of
02
diffusion
in
quiescent
water.
De-
nitrification
is
limited
by
temperature
(optimum
at
60-65°C
and
considerable
activity
above
20°C)
and
pH
(optimum
at
pH's
near
7).
Denitrifiers
require
a readily
available
source
of
organic
carbon.
Denitrification
will
be
high
in
high
BOD
stream
sections,
especially
where
the organic
carbon
is
easily decomposable.
Denitrification
—
nitrification
can
occur
simultaneously
(Keeney,
1972)
and
this
process
is
responsible
for much
of
the
disappearance
of
NO3—N
from
lakes.
The
role
of
denitrification
in
fluvial
NOg-N
balance
has
not
been
studied
extensively;
however,
it
would
appear
that
conditions
for
denitrification
would
be
optimum
during
low
flow
summer
periods
if
sufficient
carbo
is
present.
Reddy gt
31,
(1976)
have
recently
shown
that
NHH
in
the
anoxic
zone
of
sediment
can be
denitrified
as
NH“
diffuses
into
the
oxic
zone
and
is
nitrified.
The
nitrate
then
diffuses
down
into
the
anoxic zone where it is denitrified.
THE
ROLE OF THE
CARBON/NITROGEN
RATIO
IN NITROGEN TRANSFORMATIONS
A11 organisms have a characteristic C/N ratio,
depending on
the relative
amounts
of
protein
in
their biomass.
Higher
plants
may range from as high as 100:1 for some straw residues to as low
as 20:1 for some of the legumes
(Brady, 1974).
Bacteria and other
microorganisms have a ratio of about 9:1.
During the heterotrophic
decomposition of organic materials, mineral N (N03—N) may be assimilated
or released depending on the C/N ratio of the mineral being decomposed
(Figure 5).
Much of the N assimilated by the heterotrophs will be
mineralized as these organisms themselves die and are decomposed.
The
N not mineralized becomes part of the solid phase (soil or sediment)
as organic matter with a C/N ratio of about 10—12:l.
This nitrogen
is quite resistant to further decay.
The C/N ratio of decomposable
material in transport will determine if there is a net gain or loss
of N from the system due to microbiological transformations.
SEDIWENT-NITROGEN TRANSFORMATIONS DURING FLUVIAL TRANSPORT
a)
During Storm Runoff — during periods of maximum transport in the
early spring, biological nitrogen transformations will be minimal
due to the short transport intervals and cooler temperatures.
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—
—
—
Sediment
nitrogen
will
closely
reflect
source
materials
(eroded
soil,
resuspended
bottom
sediments).
These
sediments
are
likely
to
have
C/N
ratios
of
about
10—12zl
and
to
be
quite
stable.
b)
Low
Flow
Winter
Runoff
—
this
is
a
period
of
minimum
sediment
transport.
Most
of
the
nitrogen
transported
will
be
N03—N
from
Seepage
and
tile
flow
with
some
NHr—N
from
point
discharges.
There
will
be
a
minimum
of
biological
activity.
c)
Low
Flow
Summer
Runoff
-
during
this
period,
sediment
transported
.
will
be
low;
nitrogen
transport
will
be
minimal
and
confined
to
3
point
sources.
Biological
activity
will
be
high.
Sediment—water
}
phase
reactions
involving
biological
nitrogen
transformations
;>
will
be
operating
under
optimum
conditions.
Nitrate
will
be
removed
from
the
water
phase
by
assimilation
and
denitritifation.
The
net
addition
or
removal
of
N
from
the
system
will
depend
on
the
environmental
conditions
determined
by
stream
character-
istics.
Sediment
acts
to
buffer
the
transport
of
nitrogen
as
it
does
for
phosphate.
The
multitude
and
complexity
of
biological
N
transformations
make
N
transport
a
very
dynamic
process
and
makes
estimation
of
delivery
ratios
to
streams
difficult
(McElroy
gt 31., 1976).
6. GAPS IN CLRRENT WEDGE
a)
Most
of
the
available
literature
pertains
to
terrestial
or
lake
systems.
In—stream
nitrogen
transformations
involving
sediment
nitrogen
have
not
been
studied
extensively.
b)
The
extent
of
microbial
and
algal
N
fixation
in
streams
is
not
known.
c)
A
satisfactory
model
for
N
transformation
during
fluvial
transport
is
needed;
this
is
especially
true
of
in-stream
assimilation
and
denitrification.
 
d)
The
extent
of
transport
of
N
in
organic
materials
(crop
residues,
leaf
litter,
detached
aquatic
vegetation
and
zooplankton)
needs
to be further elucidated.
 
e)
Analytical
methods
to
determine
bioavailability
of
suspended
sediment
nitrogen
should
be
developed.
f)
The
effect
of
estuaries
on
nitrogen
loadings
to
the
lake
is
not
known.
In
summary,
the
processes
of
nitrogen
cycling
and
interchange
in
sediments
are
complicated
and
poorly
understood.
The
mechanisms
whereby
nitrogen
is
exchanged
between
water
and
sediments
are
probably
known,
and
in
some
cases
qualitative
rankings
can
be
given
to
their
importance.
However,
almost
no
information
is
available
to
establish
the
in
situ
rates
and
controlling
factors
for
these
processes
(Brezonik,
1971).
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—DISCUSS ION
Dr.
R.
Swank:
Relative
to
your
problem
on
nitrogen
balances
in
marshes
or
the
ability
of
marshlands
and
wetlands
to
attenuate
the
nitrogen
loads,
there
is
a
large
study
going
on
now,
sponsored
by
the
Smithsonian
Institute
in
the
Chesapeake
Bay
area
in
Maryland,
in
which
I
understand,
they
are
focusing
primarly
on
nitrogen,
phosphorus
and
carbon
in
wetlands.
This
is
in
both
salt
water
marshes
and
freshwater
marshland.
We
hope
to
get
some
useful
data
out
of
that.
The
laboratory
where
I
work
(U.S.
EPA,
Athens,
Georgia)
is
also
sponsoring
some
work
at
the
Westpoint
Military
Reservation
where
there
are
rather
extensive
small
freshwater
marshes
driven
almost
entirely
by
sub-surface
flow,
intermittent
flows
and
runoff
from
primarily
forested
and
pasture
type
land
use.
There
are
no
pasturing
animals
on
it,
just
grassland.
That
might
also
be
very
useful
for
this
purpose.
We
are
focusing
on
that
area
with
regard
to
some
modelling
studies.
It
is
a
major
plus
because
the
data
so
far
suggest
that
marshes
are
particularly
effective
in
absorbing
nitrogen
-
i.e.
denitrification.
They
appear
to
be
great
sinks
for
nitrogen
of
all
forms,
less
so
for
phosphorus
and
the
carbon
situation
is
unclear.
Frankly,
there
apparently
seems
to
be
an
equilibrium
in
the
marshes,
but
there
are
a
lot
of
data
being
generated
there
and
a
lot
of
research
interest
in
that
domain
as
well.
With
regard
to
the
nitrogen
sources
there
is
some
work
that
was
done
by
EPA
in
the
agricultural
runoff
model.
We
are
taking
a
very
close
look
at
the
runoff
forms
of
nitrogen
by
continuous
simulation,
but
it
is
a
process
model.
It
is
essentially
a
marriage
of
the
lump
parameter
hydrology
model
with
a
process
nitrogen
model.
We
are
doing
a
lot
of
cali-
bration
of
that
model
or
testing
it,
as
well
as
calibration
of
parameters
in
various
locations
around
the
U.S.
We
have
four
years
of
data
at
Watkinsville
which
is
in
Piedmont,
Georgia,
near
the
location
of
my
laboratory.
Those
data
are
about
to
be
published
and
should
be
of
great
interest
both
from
pesticides,
sediment,
water
yield
and
nitrogen
yield
for
agronomic
crop
growth
operations.
There
are
about
four
different
watersheds,
a
variety
of
practices,
a
variety
of
crops
and
a
variety
of
management
practices.
 
We
have
extended
that
study
rather
comprehensively
to
Iowa
State
University
on
Four
Mile
Creek.
Iowa
State,
Purdue
and
EPA
are
involved
in
that
one
as
well.
We
are
looking
at
in—stream
processes there,
trying
to
make
some
kind
of
rational
judgements
abont
the
kinds
of
nitrogen
work
you
are
talking
about
as
a
data
gap.
We
recognize
it
also
as
a
severe
data
gap.
We
hope
to
have
some
data
out
of
that,
in
terms
of
sediment
movements
in
streams,
loading
and
dynamic
loading.
Continuous
simulation
is
the
approach we
are
taking.
We
have
extended
that
further
to
do
some
regionalization
based
on
  
 the Smithsonian Institution's work primarily in the Chesapeake Bay area. We
are participating in that study again with the idea of calibrating on a
regional basis the R model with this kind of concept. The U.S. Department
of Agriculture is involved in that with some of their continuous simulation
approaches. 1 think they are going to look at ACMO and some of the other new
models they have developed recently. So we again are hoping to "piggy-back”
onto many researchers for this kind of work. I just want to indicate that
there is a lot of work underway in some of these data gap areas that may
directly relate to the problems of the Great Lakes, even though they are not
in fact being done in assocation with any of the Great Lakes programs.
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 Forms
and
Sediment
Associations
of
Nutrients
(C.N.
&
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P
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t
i
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i
d
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s
a
n
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M
e
t
a
l
s
Pesticides
H. B. Pionke
INTRODUCTI ON
It
is
my
intention
to
assist
in
the
PLUARG
endeavour
by
identifying
significant
gaps
in
current
knowledge
and
to
define
associated
research
needs
relative
to
specific
problems
of
the
Great
Lakes
Basin.
The
emphasis
is
on:
(1)
determining
the
impact
of
land
use
activities
on
boundary
waters
rather
than
upstreams
areas;
(2)
defining
pesticide
research
needs
to
answer
specific
problems
or
to
meet
needs
of
the
Great
Lakes
Basin
rather
than
to
answer
general
issues
in
pesticide
research;
and
(3)
developing
practical
remedial
measures
for
correcting
the
identified
problems.
The
last
two needs
imply
a
sufficiently
good
forecasting
and
inventory
capability
to
establish
present
pesticide
use
and
near—future
trends.
Because
the
impact
of
a
pesticide
in
boundary
or
upstream
waters
is
going
to
be
related
to
pesticidal
bioactivity
in
some
phase
such
as
the
sediment,
aqueous,
or vegetative
phases,
the
planner's
objective
is
to
estimate
or
determine
this
bioactive
concentration.
The
bioactive
concen-
tration depends
on
the
pesticidal concentration
and
its
toxicity.
In
turn,
the
pesticide
concentration
observed
in
a
phase
at
a
downstream
point
depends
on
upstream
use,
persistence,
the
characteristic
pesticide
dis—
tribution
between
phases,
and
the
resultant
hydrologic
dilution.
Relatedly,
the
expected
toxicity
may
be
abnormally
reduced
by
adsorption
or
incorp—
oration
of
the
pesticide
or
abnormally
increased
to
some
target
species
by
the
presence
of
other
pesticides
or
chemicals
(i.e.
synergism).
The
title
of
this
paper
"Forms
and
Sediment
Associations
of
Pesticides"
defines
an
important
part
of
the
environmental
system
that
exerts
controls
on
pesticidal
toxicity
and
concentration
in
selected
phases.
For
example,
pesticidal
persistence,
toxicity
and
concentration
of
the
pesticide distributed
between
phases
can
be
substantially
altered
by
sediment
during
loss,
transport
and
in
the
impact
area.
However,
it
is the
author's
opinion
that
environmentally-oriented,
future pesticide
research must
first
be considered
in the context of the
total system before one component of
this system,
i.e.,
the adsorbed and sediment—associated phase can be isolated
and considered separately.
The current gaps in present
knowledge relative
to this workshop's objectives are
still at a system rather
than a component
scale.
Thus,
the pesticide—sediment
interaction will not be discussed
separately but within the context of the dominant environmental and pesticide
properties controlling the pesticide bioactivity
in a phase.
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W
A
.
m
  
In
ord
er
to
use
ful
ly
ans
wer
the
thr
ee
que
sti
ons
pos
ed
by
the
IJC
in
ter
ms
of
thi
s a
ssi
gnm
ent
and
the
wor
ksh
op
obj
ect
ive
s,
a m
ore
app
rop
ria
te
set
of
que
sti
ons
nee
ds
to
be
ask
ed.
Bas
ica
lly
,
the
se
are
:
"Wh
ich
pes
tic
ide
s
have
pot
ent
ial
ly
the
grea
test
impa
ct?"
and
"For
thos
e p
est
ici
des
sel
ect
ed
as
hav
ing
pot
ent
ial
ly
the
gre
ate
st
imp
act
, w
hat
are
the
dom
ina
nt
env
iro
n—
men
tal
con
dit
ion
s r
eas
ona
bly
occ
urr
ing
in
the
Gre
at
Lak
es
tha
t s
ubs
tan
tia
lly
alt
er
the
exp
ect
ed
dow
nst
rea
m e
nvi
ron
men
tal
haz
ard
?"
Spe
cif
ic
ans
wer
s t
o
thes
e t
wo
ques
tio
ns
wou
ld
like
ly
plac
e r
ese
arc
h e
mph
asi
s o
n a
sele
ct
few
pesticides and the dominant environmental conditions.
DISCUSSION
My
pap
er
wil
l r
efi
ne
and
exp
and
the
se
two
que
sti
ons
int
o a
phi
l-
oso
phy
to
sel
ect
pes
tic
ide
s a
nd
the
ir
key
env
iro
nme
nta
l
int
err
ela
tio
nsh
ips
for
spe
cia
l r
ese
arc
h e
mph
asi
s.
Thi
s i
s f
oll
owe
d b
y s
eve
ral
spe
cif
ic
rec
o—
mme
nda
tio
ns
mos
t o
f w
hic
h a
re
aim
ed
at
imp
rov
ing
the
sel
ect
ion
pro
ces
s.
The
sel
ect
ion
pro
ces
s i
s d
esc
rib
ed
by
ans
wer
ing
the
que
sti
ons
whi
ch
are
sub
div
ide
d a
nd
mor
e c
lea
rly
def
ine
d fo
r p
urp
ose
s o
f b
ett
er
org
ani
zin
g t
he
following discussion.
The
y a
re:
(1)
Whi
ch
pes
tic
ide
s a
re
and
wil
l b
e a
ppl
ied
in
lar
ge
qua
nti
tie
s t
o m
ajo
r w
ate
rsh
eds
wit
hin
the
Gre
at
Lak
es
Bas
in?
(2)
Of
the
se,
whi
ch
pes
tic
ide
s h
ave
the
bas
ic
pro
per
tie
s
tha
t a
lon
e o
r i
n c
omb
ina
tio
n
cre
ate
a p
ote
nti
al
env
iro
nme
nta
l
haz
ard
und
er
a r
eas
ona
bly
sel
ect
ed
sta
nda
rd
set
of
env
iro
nme
nta
l
con
dit
ion
s?
and
(3)
Wha
t k
now
n o
r e
xpe
cte
d
env
iro
nme
nta
l
cha
nge
s i
n s
ubu
nit
s o
f
the
wat
ers
hed
cou
ld
sub
sta
nti
all
y
alt
er
the
pot
ent
ial
env
iro
nme
nta
l h
aza
rd
of
pes
tic
ide
s e
arl
ier
ide
nti
fie
d b
y a
nsw
eri
ng
the
pre
vio
us
two
que
sti
ons
?
Gen
era
lly
, t
he
tex
t w
ill
fol
low
the
flo
w c
har
t
(Figure 1).
Whi
ch
pes
tic
ide
s a
re
and
wil
l
be
app
lie
d
in
lar
ge
qua
nti
tie
s
to
maj
or
wat
ers
hed
s i
n t
he
Gre
at
Lak
es
Bas
in?
Thi
s i
s t
he
mos
t i
mpo
rta
nt
inf
orm
ati
on
nee
d f
or
sel
ect
ing
pes
tic
ide
res
ear
ch.
To
do
thi
s a
deq
uat
ely
,
ann
ual
sur
vey
s b
y s
pec
ifi
c p
est
ici
de
acc
ord
ing
to
sub
wat
ers
hed
s
are
nee
ded
.
Thi
s w
ill
tie
tim
e a
nd
are
a d
ist
rib
uti
ons
of
app
lic
ati
on
tog
eth
er.
To
dat
e,
thi
s i
nfo
rma
tio
n
is
not
ava
ila
ble
for
the
Gre
at
Lak
es
Bas
in.
Bes
t
cur
ren
t
sou
rce
s o
f i
nfo
rma
tio
n a
re
the
per
iod
ic
sur
vey
s
(19
64,
196
6,
197
1)
by
the
Eco
nom
ic
Res
ear
ch
Ser
vic
e,
USD
A,
whi
ch
are
pre
sen
ted
acc
ord
ing
to
com
bin
ed
Sta
te
rat
her
tha
n w
ate
rsh
ed
bou
nda
rie
s a
nd
by
the
Ont
ari
o M
ini
str
y
of
Agr
icu
ltu
re
and
Foo
d p
ubl
ica
tio
n,
whi
ch
mor
e c
los
ely
coi
nci
des
wit
h
wat
ers
hed
bou
nda
rie
s.
How
eve
r,
the
lat
ter
is
sti
ll
not
cur
ren
t,
the
lat
est
yea
r o
f p
ubl
ica
tio
n b
ein
g 1
973
.
The
Gre
at
Lak
es
sta
tes
(Mi
chi
gan
, M
inn
eso
ta
and
Wis
con
sin
)
wer
e c
hos
en
for
com
par
iso
n b
eca
use
thi
s g
rou
pin
g h
ad
the
hig
hes
t p
erc
ent
age
of
lan
d a
rea
dra
ini
ng
int
o t
he
Gre
at
Lak
es
Bas
in
of
any
sta
te
gro
upi
ng.
Thi
s w
as
app
rox
ima
tel
y o
ne—
hal
f t
he
tot
al
lan
d a
rea
of
these three states.
 
Not
e
tha
t
by
usi
ng
the
se
dat
a
to
des
ign
ate
pre
sen
t
use
and
to
est
abl
ish
use
tre
nds
in
sel
ect
ed
Gre
at
Lak
es
sta
tes
and
Ont
ari
o
(Ta
ble
1),
it
is
app
are
nt
tha
t
the
org
ano
chl
ori
ne
ins
ect
ici
de
use
has
dec
rea
sed
dra
mat
ica
lly
.
Inc
rea
sed
use
of
met
hox
ych
lor
,
chl
ord
ane
and
the
rel
ati
vel
y
sta
ble
usa
ge
of
tox
aph
ene
in
the
U.S
.
con
tra
dic
t t
his
ove
ral
l t
ren
d.
The
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 Table
l. Q
uanti
ties
of Or
ganoc
hlori
ne In
secti
cides
(1000
lb un
its a
ctive
ingre
dient
s) us
ed in
Lake
State
s
(Mich
igan,
Wisco
nsin
and M
innes
ota)
for 1
964,
1966
and 1
971 a
nd in
Ontar
io, C
anada
for 1
968—1
973.
 
l/
2/
lakes
States
—
Ontario
, Cana
da—
Insec
ticid
e
1971
Trend
1969
1970
 
Aldr
in
9
Grea
tly
decr
ease
d
27
Chlo
rdan
e
22,
Incr
ease
DDD
Gre
atl
y d
ecr
eas
ed
DDT
"
"
Diel
drin
Endo
sulf
an
Stabl
e
Endr
in
Decr
ease
Hept
achl
or
Grea
tly
decr
ease
d
Lind
ane
Decr
ease
Meth
oxyc
hlor
Incre
ase
Toxa
phen
e
Stab
le
none
repo
rted
U =
unkn
own
Farm
ers
Use
of P
estic
ides,
1964,
1966,
1971
— Qu
anti
ties
, Ec
onom
ic R
esea
rch
Servi
ce,
USDA,
Agri
cult
ural
Econ
omic
Repo
rts
Nos.
131,
179,
252.
Agri
cult
ural
Poll
utio
n of
the
Great
Lakes
Basin
, (1
971).
Envi
ronm
enta
l Pr
otec
tion
Agenc
y, W
ater
Qual
ity
Offic
e
Pub
lic
ati
on
130
20—
——O
7/7
l.
Rolle
r, N
ick
P.
Surve
y of
Pest
icid
e Us
e in
Ontar
io,
1973.
Econ
omic
s Br
anch,
Onta
rio
Mini
stry
of Ag
ricu
ltur
e
and
Food
Parl
iame
nt B
uildi
ngs,
Toron
to,
Ontar
io.
M7A
1B6,
Octo
ber
1975.
Total
amoun
t ap
plie
d de
term
ined
by
summ
ing
spec
ific
use
cate
gori
es
in A
ppen
dix
IV.
Paren
theti
cal s
tatem
ents
are a
verag
e ann
ual q
uanti
tier
calcu
lated
from
the t
otal
sale
recor
ds ov
er th
e fol
low~
ing two
year p
eriods:
1968—19
69, 19
70—1971
and 19
72—1973
. Fra
nk, R.
; Smit
h, E.
H.; Br
aun, H
. E '
Holdrin
et,
',
M.; and Wade,
J. w. (1975)
, Organochlo
rine Insecti
cides and In
dustrial Pol
lutants in t
he Milk Supp
ly of the
gun, hon, Ronunn nr (ﬁnrarin, Canada. .1. Milk Food Technologv, as.(2)5s_72
38
.
(
2
)
6
5
—
7
2
M
i
l
k
F
o
o
d
T
e
c
h
n
o
l
o
g
v
.
J
.
R
o
u
g
h
"
n
r
O
n
r
n
r
l
h
,
C
a
n
a
d
a
.
S
n
u
c
h
o
r
n
  
use
of
carbamates
has
increased
substantially
whereas
total
organophosphate
insecticide
usage
has
remained
essentially
stable.
However,
the
trends
in
these
data
must
also
be
interpreted
relative
to
regulatory
actions
which
have
severely
prohibited
the
use
of
organochlorine
pesticides
(Table
2,
in
particular
note
chlordane
and
toxaphene).
The
present
applications
of
such
pesticides
have
either
declined
to
near
insignificance
or
are
in
imminent
danger
of
being
severely
restricted
for
agricultural
use.
Thus,
in
the
context
of
research
leading
to
future
remedial
programs
that
are
directed
toward
land
use
effects
on
pollution
in
the
Great
Lakes,
research
into
the
organochlorine
insecticides
should
be
severely
downgraded
if
not
dropped
from
consideration.
The
most
recently
available
pesticideusage
and
use
trends
are
summarized
in
Tables
3
and
4.
For
trend
analysis,
results
of
any
survey
need
to
be
supplemented
with
a
knowledge
of
imminent
or
recently
instituted
Provincial,
State
or
Federal
regulatory
actions.
This
should
include
the
projected
effect
of
new
pesticide
introductions.
In
the
context
of
applying
remedial
measures,
it
may
take
5—10
or
more
years
to
develop
a
research
idea
to
the
level
of
an
effective
watershed-scale
remedial
program.
Thus,
if
successful
imple—
mentation
of
remedial
measures
depends
on
prior
research,
long-term
pesticide
use
projections
will
have
to
become
part
of
the
research
planning
process.
The
pesticides
listed
on
Tables
3
and
4
in
addition
to
methoxychlor
and
toxaphene
were
used
to
construct
Table
5.
The
fungicides
were
not
included
becauSe
they
were
applied
in
much
smaller
quantitites
than
were
the
insecticides
and
herbicides.
Table
5
incorporates
some
basic
pesticidal
properties,
determined
under
select
conditions,
which
serve
as
the
base
information for the next step.
Of
these,
which
pesticides
have
the
basic
properties
that
alone
or
in
combination
create
a
potential
environmental
hazard
under
a
reasonably
selected
standard
set
of
environmental
conditions?
The
three
basic
pesticidal
properties
considered
here
to
be
of
primary
importance
in
the
Great
Lakes
are:
persistence;
toxicity;
and
the
basic
pesticide
distribution
between
phases,
e.g.,
water,
sediment
and
vegetative
phases.
Considerable
inform—
ation
exists
and
much
of
it
is
already
available
for
guidance
on
making
some
of
the
most
basic
decisions
regarding
research
emphasis.
0n
the
basis
of
trend
data
presented
earlier,
the
shift
in
pesticide
consumption
has
been
from
the
persistent
insecticides
of
relatively
low
mammalian
toxicity
to
those
of
much
less
persistence
but
often
greater
toxicity.
The
persistence
times
of
the
most
commonly
used
pesticides
are
presented
in
Table
5.
The
persistence
categories
of
low
((6.0
months),
intermediate
(6—18
months)
and
high
(218
months)
were
chosen
according
to
time
required
to
dissipate
an
accumulated
10
year
residue
once
application
had
stopped
according
to
a
first
order
disappearance
rate
(Tables
6
and
7).
Unless
the
pesticide
degrades
to
substantially
longer-lived
phytotoxic
daughter—products,
the
impact
of
the
short—lived
pesticides
(S6
months
one—
half
life)
is
expected
to
be
upstream
or
on
watersheds
rather
than
in
boundary
waters.
Thus,
the
impact
of
the
short-lived
compound
is
probab—
ilistic,
i.e.,
based
on
the
probability
of
a
selected
rainfall
event
or
series
occurring
within
a
certain
period
after
application,
which
will
cause
the
pesticide
concentration
in
some
phase
downstream
to
exceed
a
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Table 2.
Insecticides in Ontario, Canada and the U. S.
 
Major regulatory action limiting agricultural use of Organochlorine
 
Ontario, Canadal/ United Statesg/
Actionzl Date Actioné/ Date
Aldrin Restricted 1969 Cancelled 1972
BHC Never registered for — To be reviewed 1976
agricultural use
Chlordane Being reviewed at 1976 Suspended 1975
Federal level
Dieldrin Restricted 1969 Cancelled 1972
DDD Restricted 1970 Cancelled 1971
DDT Restricted 1970 Major restrictions 1969
Cancelled 1972
Endrin Restricted 1972 To be reviewed 1976
Heptachlor Restricted 1969 Suspended 1975
Hept. Epox. Never registered — Suspended 1975
Lindane No restriction - To be reviewed 1976
Methoxychlor No restriction - No restriction -
Mirex Never registered - Restricted to non 1971
food crops (intent
to ban)
Toxaphene Restricted at 1972 No restriction -
Federal level
1/
— Agricultural Pollution of the Great Lakes Basin, Combined Report of Canada and
the United States, 1971.
Office Publication l3020-——07/7l.
2/
— The Pesticide Review by D. L. Fowler and J. N. Mahan.
tion and Conservation Service, USDA, 1968 to 1975 (annual publication).
private communication from J. Ellenberger, Regulatory Entomologist, EPA,
Washington, D. C.
3/
Environmental Protection Agency, Water Quality
Also private communication from Dr. R. Frank
Ontario Ministry of Agriculture and Food, University of Guelph, Guelph, Ontario
Agricultural Stabiliza-
Also
— Statement may not be legally correct but essentially so based on impact on
agricultural use.
Cancel
Suspension
Review
Restrict
No application allowed.
No manufacture allowed.
Initiate process that can lead to suspension or cancellation.
Restricted to non agricultural uses.
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 Table 3.
trends in parentheses.
Top
six
ranking
insecticides
according
to
amount
applied
with
use
Lakes States (1971)
Ontario (1973)
  
trends in parentheses.
l
Carbaryl
(stable)
Carbaryl
(unknown)
2
Bux
(stable)
Chlordane
(unknown)
3
Carbofuran
(greatly
increasing)
Dursban
(unknown)
4
Diazinon
(stable)
Carbofuran
(unknown)
5
Phorate
(greatly
increasing)
Phorate
(unknown)
6
Azinphosmethyl
(stable)
Phosvel
(unknown)
Table
4.
Top
six
ranking
herbicides
according
to
amount
applied
with
use
Lakes States (1971)
Ontario (1973)
1
Atrazine
(greatly
increasing)
2
Propachlor
(greatly
increasing)
3 2,4—D (stable)
4
EPTC—Vernolate
(greatly
increasing)
5
Amiben
(greatly
increasing)
6
Alachlor
(greatly
increasing)
  
Atrazine
Butylate*
Alachlor
2,4—D
Amiben
*
Cyanazine
(unknown)
(unknown)
(unknown)
(unknown)
(unknown)
(unknown)
*
Used
mostly
in
combination
with
Atrazine.
See Table l for references.
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Chlo
rdan
e
Mm
lmx
yvl
llu
r
Tn
xd
ph
en
e
99'
1k|
mﬂl
x
lnswu
rixlu
s
 
Bux
(Inrbnryl
Cdrhu
furun
(gr bamnte
her
bic
idc
s
 
HuLylnEc
(Sutun)
EP'HI —
VcnmlaLL:
*
Persistence (1/2 llfe)
55“:
(F El
asno : 1400 (F)l/
[
I
N45
(“1/
«.100 (my
12-2
5ﬁ/
10
5/
57 (pu
6.5-”
18
9/
 
«
Toxicity (LCSO)
 
0,010 -
.05 mg/
l Rainb
ow Trou
t (24—
48 hrs)
2/
0.010
(48—9
6 hr
s)2/
0.007
- .05
mg/l R
ainbow
Trout,
Goldfi
sh (2
4—48 h
rs 2/
0.007
rug/1 (
48—96
hrs)'6-/
0.00
3 —
.05
mg/l
Rain
huw
Trou
t (2
4—43
hrs)
3/
.om rug/1 (as—9e “my
0.3 m
g/lgl
Rain
bow
Trout
or B
lueg
ills
1.5 -
4.0 m
g/l R
ainbo
w Tro
ut (4
8-96
hrs)2
/
1.0 mg
/lﬁ/
Rainbo
w Trou
t or
Bluegi
lls
0.2
mg/lg
/ Ra
inbo
w Tr
out
or E
luog
uls
4.2 mg
/lé/
Rainbo
w Trnu
r or
Bluegi
ll:
19.0 m
g/lé/
Rainbo
w Trou
t or
Bluegt
lis
6.2 mg/
I Rainb
ow Trou
t (24
hr5)J‘/
9.6
rug/1
(48—
96 h
rs)
Rain
bow
Trou
t or
Bhle
lell
sé/
1n Gro
ut La
kes
 
$0
11
[00
05/
less than
Carba
ryl 1
/
OC/Sn11
 
47:
13/
 2%
ix
Persislence
(1/2
life)
Toxicity
(L050)
  
_ Soil
OC/Saii
 
Or
one )hus )hata
Inseccicidos
   
1
0
/
Azinphosmethyi
2 —-
0.01
— 0.05
mg/l
Rainbow
Trout
(48—96
hrs)-2/
200ﬁ/
53/
0.0]
mg/l
Rainbow
Trout
or
Bluegills
(48-96
hrs)§/
Diaziuon
1‘5 1
£0
(I.)-1-/
.052
-
.14 lug/1
Rainbow
Trout
(2!. hrs)2/
2005
4-16
uksg/
0.03
mg/l
(68-9b
hrs)é/
Uursbun
H
0.020
rug/l Rainbow Trout
(148
hrs)2/
U
U
(Chlorpyrifus)
PhoraL‘c
1—14 wks—g/
0.006
mg/I
Rainbow Trout
(/18 hrs 2/
300i/
10021-5]
Phasvel
30 davzl
0‘0!
mg/l
Rainbow Trout
(96
hrs)2/
U
U
(LepLuphus)
4
Ed
Herbicich
2,4-D
17
i
8
days
1
-
250
mg/1
Rainbow
Trout
(24—48
hrs)2/
1.6—
40:12/
3-109/
4.5
— 50
mg/13/
Amiben
34 i 10 days (Ul/
7_0 mg“ (24 hr5)_6_/
0.3—
13—202/
2
0
7
50:12/
Trinzine Herbicides
Atrazine
130
i
40
days
(L)l/
12.6
lug/l
Rainbow
Trout
(48
hrs)l/
25-
100—1709/
Cyanizin:
u
4.9
mg/lﬁ/
s,
w—
u
100:12/
Acetaua_lidu
Harbin: him-1
2/
4/
Alachlnr
12-‘5*
Pmpachlur
12-Z;~
1.3 nig/lﬁ/
ﬁ/
U
 
2.3 rug/1
  
 U = Unknown: L
- Laboratory Stu
dy; F - Field St
udy; 8 - Sedimen
t predominant mo
de of transport;
U - Hater.
*
Persistence is t
he experimentall
y determined tim
e required for t
he original pest
icide concentrat
ion in soil to h
e reduced to
one-half. LCSO
is the concentra
tion lethal to 5
01 of the popula
tion exposed for
a given number o
f hours. Hours
are in
parenthetical statement. Kd is
the equilibrium concentration a
dsorbed on the soil or organic c
arbon (0C) divided by that in
solution.
‘l-llldmaker, J. N. 1972. Decompo
sition: Quantitative Aspects,
Chapter I. 3 Organic Chemicals
in the Soil Environment: Vol. 1
.
Marcel I‘ckk
er. New Yo
rk.
Z“Edwards, C. A. 1972. Insecti
cides, Chapter 8 I_n Organic Che
micals in the Soil Environment:
Vol. 1. Marcel Dekker.
New York.
g/l'imcntcl, D. 1971. Ecologica
l Effects of Pesticides on Non—
Target Species. Executive Offic
e of the President, Office of
Science and Tech
nology. GPO Sto
ck No. 4106-0029
.
é/Eiocause no experimentally det
ermined values available, approx
imate Values based on relative m
obilities are provided (see
Table 8).
2Illamuker. J. N. and J. M. Thompson. 1972. Adsorption. Chapter 2 2 Organic Chemicals in the Soil Environment: Vol. 1.
Marcel Dekk
er. New Yo
rk.
2
0
8
ﬂ/Stewart, B. A., Woolhiser, D.
A., Nisehmcier, W. IL, Caro, J.
IL, and H. H. Frere. 1975. Con
trol of Water Pollution from
Crupland. Vol. 1. A Manual for
Guideline Development. ARS Repo
rt ARS—H-S-l or EPA Report 600/
2—75-026a. 111 pp.
Ono-half life was calculated to
be approximately one—third of th
e times listed. These times wer
e basedon 901 or greater
disappearance. A8 or 96 hr LCSO
for Bluegills or Rninbou Trout.
1/Caro, J. H., Freeman, H. P.,
and B. C. Turner. 1974. Persis
tence in Soil and Losses in Runo
ff of Soil—incorporated
C rbaryl in a Sm
all Watershed.
J. Agr. Food Che
m. 22(5):860—863
.
£1'/Ah]rlchs. .l. l.., Chandler, l..
, Monke, E. 1., and H. W. Reusze
r. 1970. Effect of Pesticide
Residues and other Orgsno—
toxicants on the Qaulity of Surface
and Ground Water Resources. Tec
hnical Report No. 10. Purdue U
niversity. Hater
Rt‘sourres Center
, West Lafayette
, Indiana.
2/Vn:lsicol Company. 1972. Phos
vel Insecticide General Bulletin
. Bulletin No. 09—070—001A. V
elsicol Corp.. 341 East
Ohio Street, Chi
cago. Illinois 6
0611.
‘l—Q/LlIJhLEIlSCL’in. E. P. 1971.
Persistence and Face of Pestici
des in Soils, Hater and Crops:
Significance to Humans ﬂ
Fate of Pesticides in the Enviro
nment. Vol. Vl. pp 1-22. A.
5. Tahori, ed. Gordon 6- Breach
Sci. Publishers.
 
#—
critical
concentration
established
according
to
some
criteria.
Pesticides
originally
selected
according
to
use
and
use
trends
that
disappeared
from
soil
at
approximately
first
order
rates
with
half—lives
in
excess
of
18
months,
were
considered
persistent
and
automatically worthy
of
further
research
consideration.
The
remaining
pesticides
or
resulting
phytotoxic
daughter—products,
with
half—lives
intermediate
between
the
short—lived
and
persistent
compounds,
would
require
further
examination;
particularly
for
conditions
in
which
the
half—life
may
be
extended
under
reasonably
changed
environmental
conditions
to
more
than
an
18
month
half—life.
These
were
defined
as
following
approximate
first
order
kinetics
with
half-lives
between
6 and
18 months
under
normal
soil conditions.
The
second
property,
toxicity,
should
be
operationally
defined
as
a
critical
concentration
exceeding
some
tolerance
level
for
chosen
indicator
organisms.
In
this
case
(Table
5),
the
Rainbow
Trout
was
used
as
the
indicator
;
organism
to
group
pesticides
into
low,
intermediate,
and
high
acute
toxicity
levels
because of
the
general availability
of
the
data for
the pesticides
of
interest.
There
is
no
intent
on
the
author's
part
in
suggesting
Rainbow
Trout
should
be
the
only
test
organism
considered.
Chronic
toxicity
levels,
i.e.,
96
or
more
hours
exposure,
which
should
be
considered
were
not
included
for
purp05es
of
this
discussion.
Testing
for
increased
toxicity
due
to
possible
synergistic
effects
among
pesticides
should
be
considered
provided
that
the
pesticides
are
applied
both
in
quantity
and
in
proximity
to
each
other as determined from survey data.
The
third
pesticidal
property
following
persistence
and
toxicology
is the
adsorptivity.
Numerous references
are available
on how
adsorptivity
will increase persistence and reduce bioactivity of the compound.
Some—
times a portion
of
the
pesticide
is
irreversibly
sorbed and may
be
essentially
removed
from
the
system.
Furthermore,
adsorption may
provide
the
mechanism
for transport
and accumulation
in
selected phases
of
the
stream and
lake
environment.
Determined under standard conditions, the K
or distribution
coefficient
of
the
pesticide
between
phases may
be
a useful
indicator.
These values are
expressed on both the soil and
organic matter basis
(Table
5).
Because these are not
available for many pesticides,
a rough correlation
was observed between K
and the relative mobility of pesticides
in soils
(Table 8) which was used
to approximate missing data in Table 5.
This
relationship was observed by Gerber and Guth
(1973)1.
Also,
the phases may
include vegetation and fish in addition to sediment and water.
These biotic
phases often concentrate pesticides by
an order or several orders of magnitude
above that found in sediments.
The K
is expected to be useful for:
a)
estimating zones of accumulation or pesticide distribution among phases;
b)
identifying primary transport mechanisms for modelling purposes; or
c)
indicating which pesticides are most susceptible to irreversible sorption
or most likely to exhibit increased persistence and reduced toxicity upon
adsorption.
 
The K between water and sediment may be especially useful for
making some rough cut decisions regarding erosion and fluvial transport of
selected pesticides (Figure 2).
This figure shows how Kd influences the Z
total pesticide load carried by the sediment fraction relative to the suspended
sediment concentration.
1 Short Theory, Techniques and Practical Importance of Leaching and Adsorption
Studies, Proc.
Eur. Weed Res. Coun.
Symp., Herbicides-Soil,
pp. 51—69,
1973.
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Table
6.
Accumulated
pesticide
residue
(kg/ha)
resulting
from
annual
applica-
tions
of
2
kg/ha
active
ingredients
(calculated
according
to
C
=
Goa—kt).
 
Years
of
Persistence
in
Half
Lives
Application
3
mo
6
mo
1
yr
2
yr
4
yr
8
yr
12
yr
1
.125
0.50
1.00
1.41
1.70
1.83
1.89
2
133
0.63
1.50
2.41
3.13
3.51
3.67
3
134
0.66
1.75
3.12
4.35
5.05
5.35
4
134
0.67
1.88
3.62
5.38
6.46
6.94
5
.134
0.67
1.94
3.98
6.26
7.76
8.44
6
.134
0.67
1.97
4.23
7.00
8.95
9.86
7
.134
0.67
1.99
4.40
7.63
10.05
11.19
8
.134
0.67
2.00
4.49
8.17
11.05
12.45
9
134
0.67
2.01
4.55
8.62
11.97
13.64
10
.134
0.67
2.01
4.60
9.00
12.80
14.80
Table
7.
Remaining
pesticide
residue
(kg/ha)
after
application—free
interim
periods
of
1—5,
10,
15
and
20
years
following
10
years
of
sequential
annual
application
of
2
kg/ha
active
ingredients
(calculated
according
to
C = C e_kt).
o
Lapsed Time
Following
Final
Persistence
in
Half
Lives
Application
(yrs)
3
mo
6
mo
1
yr
2
yr
4
yr
8
yr
12
yr
0
0.134
0.67
2.01
4.60
9.0
12.8
14.8
1
0.01
0.17
1.00
3.25
7.6
11
7
14
0
2
0.0
0.04
0.50
2.30
~
—
3
0.0
0.0
0.25
1.63
—
-
—
4
0.0
0.3
0.12
1.15
-
-
—
5
0.0
0.0
0.06
0.81
3.8
8.3
11.0
10
0.0
0.0
0.00
0.14
1.6
5.4
8.3
15
0.0
0.0
0.00
0.03
0.67
3.5
6.2
20
0.0
0.0
0.00
0.00
0.28
2.3
4.7
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Table
8. Re
lative
mobili
ty of
pestic
ides i
n soil
s
 
**
Mob
ili
ty
Clas
s
(de
cre
asi
ng
mob
ili
ty_
_:t
_,)
5,4
TC
A+
Dal
apo
n
2,3,
6—TB
A
Tricamba
Di
ca
mb
a
(0.
0)
Chlo
ramb
en (
0.3)
Pic
lor
am
(0.4
5)
Fen
ac
Pyri
chlo
r
MCPA
Amitrole
2,4-D
(1.6)
Dinoseb
Bromacil
 
Prop
achl
or
Fenuro
n (1.0
)
Promet
one (1
3)
Napt
alam
2,4,5—
T (1.0)
Terb
acil
Pro
pha
m
Flu
ome
tur
on
Nor
ea
Diph
enam
id
Thio
nazi
n
Endo
thal
l
Mon
uro
n (
33)
Atra
tone
WL 1
9805
Atr
azi
ne
(25)
Sim
azi
ne
(15)
Ipaz
ine
Alac
hlor
Amet
ryne
Propaz
ine (2
5)
Trie
tazi
ne
 
Siduron
Bens
ulid
e
Prometryne (55)
Terb
utry
n
Prop
anil
Diuron (196)
Linuro
n (147
)
Pyrazon
Molinate
EP
TC
Chl
ort
hia
mid
Dichl
obeni
l
males:
Pebulate
Chl
orp
rop
ham
Azinph
osmeth
xl
we
  
Neburon
Cloroxuron
DCPA
Lin
dan
e (
321
)
Pho
rat
e
Para
thio
n
Disu
lfot
on
Diquat
Chlorp
henami
dine
Dichl
ormat
e
Ethion
Zineb
Nitr
alin
C-6989
AC
NQ
Morestan
Isodrin
Benomyl
Diel
drin
Chlo
rone
b
Paraquat
Trifl
utali
n
Benefin
Hept
achl
or
End
rin
Ald
rin
Chlo
rdan
e
Toxa
phen
e
DDT (
10,000
)
 
*
Helling,
C. S., K
earney,
P. C., a
nd Alexa
nder, M.,
1971. Be
haviour
of Pesti
cides in
Soils.
Adv. Agr
on.
21,14
7—240
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*
Class
5 com
pound
s (ve
ry mo
bile)
to Cl
ass 1
compo
unds
(immo
bile)
; in
each
class
pesti
cides
are r
anked
in
estima
ted de
creasi
ng ord
er of
mobili
ty.
Paren
these
s enc
lose
avera
ge Kd
's fr
om Ha
maker
, J.
W. an
d J.
M. Th
ompso
n, (1
972),
Adsor
ption
.
Organ
ic Ch
emica
ls in
the E
nviro
nment
, Vol
. 1. Ma
rcel D
ekker,
N. Y.,
440 pp.
Underl
ines d
esigna
te the
most c
ommonl
y used
pestic
ides b
y surve
y.
Cha
pte
r 2
in
ﬂWashoff losses of pesticides are likely to be predominantly
associated with the eroded rather than the aqueous phase at or above rela—
tively low de, e.g., 100.
However, once eroded, the initial transport
will be heavily weighted toward the aqueous phase unless the Kd is 1000 or
more with reasonably high sediment concentration, i.e., over 500 mg/l for
the larger Great Lakes tributaries.
Further transport downstream increases
‘
the likelihood of dilution by other water exhibiting lower sediment concen—
tration.
From Figure 2, hydrologic dilution of the pesticide by 10 times
substantially shifts the pesticide load to the aqueous phase unless the K
’
equals or exceeds 10,000.
The dilution
factor has
to be very large,
e.g.,
§
100 times or greater to significantly shift the load from the adsorbed to
l
aqueous phase
if the Kd
is this high.
Furthermore,
if a dynamic equil—
ibrium exists between fluvial sediment and the aqueous phase, and the K
W
is large, substantial and perhaps rapid pesticide losses may occur because
of pesticide adsorption on exposed stream banks and bottoms and associated
vegetation within relatively short travel distances.
Usually the K
for
most pesticides used today is 1000 or less, thus weighting the load trans—
ported to the aqueous rather than adsorbed phase (Figure 2).
However,
adsorptivity or oganic matter may be 10 to 1000 times greater than that for
soil (Table 5). Thus, in situations where organic soils, organic sediments
or transported organic materials predominate, transport may be heavily
3‘“
weighted toward a sediment fraction of low density. Such highly adsorptive
"
systems are usually primary candidates for investigation related to irre—
;ﬂ
versible adsorption, increased persistence and decreased bioactivity due to
.4
adsorption. The same consideration would apply to highly polluted stream
f
sediment to which the pesticide distribution could be greatly altered.
111
Table 9 summarizes these three properties for the pesticides orig—
inally chOSen according to the survey.
From this table, both chlordane and toxaphene potentially provide
both upstream impact (toxicity) and downstream impact (persistence), being
primarily lost by erosion and transported in both the aqueous and sediment
phase. Azinphosmethyl, phorate and diazinon potentially provide upstream
impact only, because although they are toxic they lack persistence. They
are lost primarily by erosion but transported primarily in the aqueous
phase. Thus, hydrologic dilution likely dominates the concentration of
this material downstream and this concentration dissipates rapidly. Dursban
does potentially provide upstream impact and is transported primarily in
the aqueous phase. The persistence was not known. The impact of phosvel
and carbofuran is limited to upstream areas because of low persistence.
The persistence for bux is unknown. The remaining compounds are not likely
to be of concern.
Thus, this whole approach provides some guidelines for research:
Firstly, these compounds which are important on the basis of use; secondly,
the identification of the important pesticidal properties and how they might }
indicate particular research needs and provide research emphasis assuming
normal environmental conditions. This kind of approach not only attempts
to direct attention to the most environmentally hazardous properties of
a compound but also points out weak or missing data needed to make some of
these basic assessments and perhaps provide some insight. However, this
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Table 9. Selected pesticides grouped according to combinations of propertie&
Group Ranking for each Property
Pes
tic
ide
Tox
ici
ty
Per
sis
ten
ce
Ads
orp
tiv
ity
Chlordane I I I
Toxaphene I I I
Azinphosmethyl I III II
Phorate I III II
Phosvel I III U
Dursban I U III
Methoxychlor I U U
Diazinon I, II III II
Bux II U U
Catbofuran II III U
Atr
azi
ne
III
II
III
Cya
naz
ine
III
II
III
EPT
C
III
III
II
Ver
nol
ate
III
III
II
Car
bar
yl
III
III
III
But
yla
te
III
III
U
Ami
ben
III
III
III
2,4
—D
III
III
III
Ala
chl
or
III
III
III
Pro
pac
hlo
r
III
III
III
I =
Toxi
city
(0.0
03 —
.05
mg/l
, L
C50
over
24 t
o 48
hour
for
Rain
bow
Trou
tL
II
III
or p
ersi
sten
ce )
18 m
onth
s (
obse
rved
time
for
one—
half
the
orig
inal
conc
entr
atio
n to
disa
ppea
r fr
om s
oil)
or a
dsor
ptiv
ity
:_10
00 K
d (K
d =
con
cen
tra
tio
n o
n s
edim
ent
(x/m
) v
ers
us
that
in
sol
uti
on
(C6
8 at
equi
lib-
rium from Freundlich relationship at n=l).
= To
xic
ity
(0.0
52
— 0
.3
mg/l
ditt
o)
or
6 m
ont
hs
< pe
rsi
ste
nce
< 18
mont
hs
or 100 :_Kd < 1000.
= To
xici
ty
(1.0
- 20
, mg
/l d
itto
) o
r pe
rsis
tenc
e 5'
6 mo
nths
or K
d <
100.
U = Unknown.
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has as yet
only treated properties under standard or a selected set of
environmental conditions.
This is often not the case.
What
known
or
expected
environmental
changes
in subunits
of
the
watershed could substantially alter the potential environmental hazard of
those pesticides earlier identified by answering the previous two questions?
Answering
this third question assumes that
the dominant local stream and
lake
environments
on
a
seasonal
or
annual
basis
are
known.
Then
those
dominant,
yet nonstandard environmental
conditions which
substantially
extend pesticidal persistence beyond the middle-range persistence or bias
the
distribution
of pesticide among
phases
causing
a potentially
hazardous
environmental level,
can be
identified and their impact researched.
This
investigation would apply to those pesticides of intermediate persistence
or toxicity as determined from answering questions 1 and 2.
These could
include the effect of:
pH changes from field to stream to lake (persistence
and redistribution
between phases of pH-dependent charged pesticides);
chemical reducing conditions on persistence;
temperature on persistence;
exposure
to
sediment
associated
with
industrial
type
pollutants,
e.g.,
petroleum products
mixed
with
sediment,
on
persistence
and
selective
dis-
tribution of pesticides in this phase; exposure to organic soils and
sediments on toxicity, persistence and adsorptivity, etc.
Obviously, the
criterion of reasonability should be followed regarding the likelihood of
these conditions existing and their severity.
The test conditions chosen
should not be extreme or unreasonable relative to the expected range in
pertinent environmental conditions.
CONCLUSION
In summary,
if a pesticide
is used extensively or in increasingly
larger amounts,
is known to be
toxic to selected aquatic organisms, and
is
either persistent or has an intermediate half-life that may be extended by
adsorption and/or abnormal environmental conditions
that are known to occur
within the area, then these should be the primary subject of research
emphasis.
 
RECOWENDATIONS
1.
Better surveys of individual pesticide usage on an annual basis are
needed in order to establish present usage and trends in usage.
This
should be assembled by the IJC according to subwatershed divisions
within the Great Lakes Basin.
2.
The organochlorine insecticides should not be the subject of new
research unless justified on the basis of present and projected
use in the Great Lakes Basin.
3.
The pesticides selected on a usage or use trend basis should be
further evaluated according to persistence, toxicity, and adsorptivity
under some set of standard conditions.
Synergistic effects on selected
key aquatic organisms should be evaluated where justified on pesticide
use basis.
Then the "nonstandard" but reasonably expected local
environmental conditions that substantially alter persistence and
toxicity occurring downstream from application areas should be
identified and researched.
An exhaustive literature review could
supply much of this information.
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 Thi
s o
ver
all
app
roa
ch
pro
vid
es
a m
ean
s o
f s
ele
cti
ng
tho
se
pes
tic
ide
s
tha
t s
hou
ld
be
the
pri
mar
y c
and
ida
tes
for
sub
seq
uen
t l
abo
rat
ory
and
fie
ld
res
ear
ch
and
mon
ito
rin
g p
rog
ram
s.
Fur
the
rmo
re,
thi
s a
ppr
oac
h s
hou
ld
specifically delineate or further identify needed research.
We
nee
d s
tan
dar
diz
ati
on
or
dev
elo
pme
nt
of
met
hod
olo
gy
to
exp
eri
men
tal
ly
and
rout
ine
ly
dete
rmin
e:
a)
sta
nda
rd
per
sis
ten
ce,
tox
ico
log
y a
nd
adsorptivity; b) the altered toxicity upon adsorption or in
ass
oci
ati
on w
ith
othe
r p
est
ici
des
(syn
ergi
stic
effe
cts)
; a
nd
c)
the
alt
ere
d p
ers
ist
enc
e u
pon
ads
orp
tio
n,
chan
ged
pH,
02
stat
us,
temperature, etc. Perhaps the study of the selected pesticides
in
mul
tip
has
e m
icr
oco
sms
may
be
use
ful
for
iso
lat
ing
pot
ent
ial
prob
lems
.
Obvi
ousl
y,
the
pes
tic
ide
s s
tud
ied
shou
ld n
ot
be
cho
sen
at
ran
dom
, b
ut
sho
uld
be
of
at
lea
st
int
erm
edi
ate
per
sis
ten
ce,
tox
ici
ty
and used in considerable amount according to survey.
Cer
tai
n e
nvi
ron
men
tal
exc
ept
ion
s e
xis
t t
hat
sho
uld
be
res
ear
che
d e
ven
if
not
def
ens
ibl
e b
y p
est
ici
de
use
.
The
se
inc
lud
e:
a)
dre
dge
spo
il
as
a r
ene
wed
sou
rce
of
ads
orb
ed
pes
tic
ide
s,
par
tic
ula
ry
the
org
ane
-
chl
ori
ne
ins
ect
ici
des
; a
nd
b)
alt
ere
d K
and
per
sis
ten
ce
of
sel
ect
ed
pes
tic
ide
s p
art
iti
one
d i
nto
or
exp
ose
d t
o h
igh
ly
pol
lut
ed
sed
ime
nts
(li
pop
hil
ic
was
tes
,
ind
ust
ria
l w
ast
es,
mun
ici
pal
sew
era
ge,
etc
.).
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 DISCUSSION
Dr. L. Hetling:
The way you are going at the pesticide issue is usage.
Is
it possible or thinkable to go at it the other way? Weare interested in
those pesticides or those types that are bio—accumulating in the environment.
Could one go and take certain test organisms or test fish or something else
at a lake and measure them for the range of these things, and if they are
not accumulating, not worry about them?
Dr. H. Pionke: I wasn't really suggesting that we start on a full—blown
programme, collecting all these numbers. I am saying that in certain cases
there are probably missing data that could be supplied. I think that some of
the EPA people would like to speak to this, but I think there is already a
movement afoot to try and get some of this basic information. As I mentioned
earlier, this is in the context again of the IJC. We are talking about the
Great Lakes watershed. There are many compounds in use across the country.
They are not used in any amount on the Great Lakes watershed. I think if
you turn it around and get the cart before the horse and start talking about
what compounds could create a potential problem without asking whether or not
they are being applied, is the wrong way to go.
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Forms
and
Sediment
Associations
of
Nutrients
(C.N.
&
P.)
P
e
s
t
i
c
i
d
e
s
and
Metals
Trace Metals
Ulrich Forstner
INTRODUCTION
The
availability
of
trace
metals
for
metabolic
processes
is
closely
related
to
their
chemical
species
both
in
solution
and
in
par—
ticulate
matter.
For
this
reason
a
thorough
investigation
into
the
behaviour
of
trace
metals
in
the
dissolved
state
was
undertaken.
In
com—
parison,
very
little
is
known
about
the
chemical
association
of
metals
in
suspended
materials
and
sediments,
although
the
knowledge
of
characteristic
bonding
types
may
be
the
key
to
the
detection
of
specific
pollution
sources
in the aquatic environment.
TRANSPORT
OF
TRACE
METALS
IN
RIVERS
The
source
of
trace
metals
in
rivers
significantly
determines
their
distribution
ratio
between
the
aqueous
and
solid
phases.
For
ex-
ample,
the
bulk
of
the
detrital
trace
element
particulates
never
leaves
the
solid
phase
from
initial
weathering
to
ultimate
deposition.
Similarly,
metal
dust
particles
(e.g.
from
smelters)
and
effluents
containing
heavy
metals
associated
with
inorganic
and
organic
matter,
undergo
little
or
no
change
after
being
discharged
into
a
river.
This
is
attributable
to
the
average
residence
times
(of
the
order
of
days
or
weeks),
too
short
for
the
establishment
of
stable,
dynamic
equilibria
between
water
and
suspended
material.1
There
are
characteristic
differences
in
the
metal
distribution
between
the
aqueous
and
solid
phases.
Examples
are
given
in
Table
1,
indicating
the
fractions
of
metals
in
particulate
form
as
percentages
of
the
total
metal
discharges
from
U.S.
riversz,
rivers
in
West
Germany
and
from
the
Rhine
River
in
the
Netherlands“
respectively.
The
order
of
sequence
of
the
mobility
for
a
few
selected
metals
is
as
follows.
Alkali
and
alkali—earth
metals
are
predominantly
present
in
a
dissolved
form;
for
trace
metals
like
boron,
zinc
and
cadmium,
the
ratio
of
dissolved
species
to
particulate
species
is
between
2:1
and
1:1;
copper,
mercury,
chromium
and
lead
exhibit
ratios
of
the
solid
phases
to
the
aqueous
phases
of
between
2:1
and
4:1;
whereas
iron,
aluminum
(and
manganese
under
normal
Eh
conditions)
are
almost
totally
transported
as
solid
particles.
The
preferential
bonding
of
heavy
metals
in
effluents
to
the
solid
phase
is
of
particular
significance
for
tracing
sources
of
pollution.
During
reduced
rates
of
river
flow,
suspended
material
settles
to
the
river
bed,
becoming
partially
incorporated
into
the
bottom
sediment.
By
virtue
of
their
composition,
sediments
conserve
heavy
metal
contamination
and
"express
the
state
of
a
water
body"°.
Vertical
sediment
profiles
(cores)
often
uniquely
preserve
the
historical
sequence
of
pollution
intensitiess;
lateral
dis—
tributions
(quality
profiles)
serve
to
determine
and
evaluate
local
sources
of pollution .
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 TABLE 1
Met
al
Per
cen
tag
e p
art
icu
lat
e—a
sso
cia
ted
met
als
(ex
amp
le)
of
tot
al
met
al
dis
cha
rge
(so
lid
+ a
que
ous
)
u.s. Rivers2 F.R.G.* Rivers3 Rhine (Neth.)“
Sod
ium
—
0.5
Z
—
Cal
ciu
m
—
2.5
Z
—
Str
ont
ium
21
Z
—
—
Boro
n
30
Z
-
—
Cad
miu
m
-
30
Z
45
Z
Zin
c
40
Z
45
Z
37
Z
Cop
per
63
Z
55
Z
64
Z
Mer
cur
y
-
59
Z
56
Z
Chr
omi
um
76
Z
72
Z
70
Z
Lea
d
84
Z
79
Z
73
Z
Alu
min
um
98
Z
98
Z
-
Iro
n
98
Z
98
Z
—
 
*Federal Republic of Germany
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_Two effects, however, must be considered when sediment analyses
are used for the identification of sources of pollution. Firstly, under
conditions of high water discharge, erosion of the river bed takes place,
and generally leads to a lower degree of local contamination. Lézlé”, for
example, obtained data from the Sajo River, Hungary, which indicated that
three months after a flood, the mercury concentration in bottom sediments
had been reduced to approximately one—quarter of the values found immediately
before the flood. Secondly, it is often overlooked that it is imperative
to do base metal analyses from river sediments on a standardized procedure
with regard to particle sizes, since there is a marked decrease in the
content of metals as sediment particle size increases. An example is given
in Figure 1, indicating the concentrations of cadmium in different grain size
fractions of sediments from the highly polluted Rhine and Main Rivers in
the Federal Republic of Germanylo.
Maximum concentrations of Cd occur in
the fractions of 0.2 pm — 0.6 pm; from there the metal contents decrease
both toward finer and coarser grain diameters (relatively high levels of Cd
in the sand fractions are probably due to the input of coarse waste particles).
Several methods have
been introduced in order to include most of
the substances active in metal enrichment, i.e., hydrated oxides, sulphides,
amorphous and organic materials, but to exclude coarser—grained sediment
fractions which are largely chemically inert: (i) reduction of grain size
effects, e.g. the pelitic fraction of < 2 pm diameterll, by extrapolation
from the grain size distribution12 or by correction for the specific surface
areal3; (ii) selective chemical treatment for the extraction of acid-
soluble fractions by including 0.1 M hydrOChloric acidl“, 0.1 M nitric
acid15 and aqua regia/ignition losslb procedures; (iii) using mineral
separation techniques as exemplified by the quartz correction methodl’;
(iv) taking conservative elements, e.g. aluminum, silicon, potassium, and
sodium as a reference base for cultural metal inputsle’lg. The question as
to which trace metals are characteristic of nonpoint or diffuse sources,
which is of particular interest to the present Workshop, cannot be answered
4 to any degree of satisfaction. In areas of heavy environmental pollution
such as highly industrialized areas, one generally finds high levels of
lead, zinc, mercury and cadmium in the river deposits whereas at the same
time other metals such as iron, manganese, nickel, and cobalt have only
increased insignificantly in comparison. High levels of chromium, cadmium
and copper can usually be attributed to industrial wastezo, particularly
from the tanning and electroplating industries; enrichment of lead and zinc
can usually be connected with diffuse sources such as atmospheric emissions
in the case of lead, and urban sewage effluents for zinc21. Apart from
this, the temporally changing influence in the various catchment areas as
well as seasonal effects must be taken into consideration as was done by
Schleichert22 in his study on the metal transport of suspended matter in
the Rhine.
 
CHEMICAL FORMS OF TRACE P’ETALs IN FLUVIATILE SEDINENTS
The ratio of heavy metal distribution between the aqueous and solid
phases is subject to change due to a general shift of equilibria toward
the solid phase. Thus, the total amount of heavy metals in solution gen-
erally diminishes along the course of a river during normal flow conditions.
This is of importance for the elimination of dissolved wastes, e.g. from
metal processing (electroplating, galvanizing), the removal of trace metals
from the aqueous phase being effected by mechanisms such as sorption,
precipitation, co-precipitation and complexing.
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 (1)
(2)
(3)
In spite of their different origins, environmentally related
types of metal bonding are comparable to the natural forms. The most
comm
on a
ssoc
iati
ons
of h
eavy
meta
ls i
n pa
rtic
ulat
e su
bsta
nces
are
comp
iled
in Table 2:
Heavy metals are transported and deposited as major, minor
or trace constituents in the natural rock detritus, mostly
in inert positions .
Slight alkalinity prevailing in normal surface waters results
in the formation and precipitation of hydroxides, carbonates,
sulphides and phosphates of heavy metals.
Sorption and cation exchange particularly takes place on
fine-grained substances with large surface areas. A generalized
sequence of the capacity of the solids to sorb heavy metals was
established by Guy & Chakrabartiz“ in the order
MnOz > humic acid > hydrous iron oxides > clay.
Experiments with different sorbents and seawater indicated an
exte
nsiv
e e
xtra
ctio
n of
zinc
, c
oppe
r an
d le
ad b
y hy
drou
s ir
on-a
nd m
anga
nese
-
oxid
es,
clay
mine
rals
and
peat
subs
tanc
es;
nick
el,
coba
lt a
nd c
hrom
ium
are
closely associated with Mn—oxideszs. In experiments on competing exchange
of m
etal
cati
ons
perf
orme
d wi
th e
qual
conc
entr
atio
ns
of h
umic
subs
tanc
eszs
,
copper was preferentially sorbed (53%), followed by zinc (21%), nickel
(14%), cobalt (82) and manganese (AZ).
(4)
(5)
Dissolved organic polymer is increasingly being regarded as a
carrier material in the transfer of metals from the mineral
pha
se
into
the
org
ani
c m
ater
ial.
The
youn
ger,
less
con
den
sed
humic acids (fulvic acids) play an especially important role
in the bonding of heavy metals in aquatic systemsbecause of
their large number of functional group527. In a summary of
organic matter-metal interactions in recent sediments, Nissen —
baum G Swaine28 mention concentrations of up to 0.4% copper and
0.45
% zi
nc i
n hu
mic
subs
tanc
es f
rom
mari
ne r
educ
ing
envi
ronm
ents
zg.
A high degree of positive correlation between the content of
org
ani
c s
ubs
tan
ces
, a
nd
met
al
con
cen
tra
tio
ns
may,
howe
ver,
not
alw
ays
be
int
erp
ret
ed
as
bei
ng
the
resu
lt
of
dir
ect
bon
din
g o
f
hea
vy m
eta
ls
to
org
ani
c s
ubst
ance
s.
In h
igh
ly
pol
lut
ed
area
s,
for
inst
ance
, c
ont
ami
nat
ion
by
cha
rac
ter
ist
ic
hea
vy
met
als
simp
ly
coi
nci
des
wit
h t
he
acc
umu
lat
ion
of
org
ani
c s
ubst
ance
s,
bot
h d
eri
ved
from urban, industrial or agricultural sewage effluents.
Ext
rac
tio
n o
f me
tal
s f
rom
fulv
ic
and
hum
ic
acid
s i
n s
edi
men
ts
from Lake Malawi indicated that only zinc, copper and vanadium
wer
e a
ccu
mul
ate
d i
n o
rga
nic
mate
rial
, w
her
eas
iron
, m
ang
ane
se,
chro
mium
, c
obal
t a
nd
nic
kel
are
mor
e o
r l
ess
dil
ute
d b
y t
he
org
ani
c
acids3 .
Co-
pre
cip
ita
tio
n o
f h
eav
y m
eta
ls
wit
h h
ydr
oxi
des
and
car
bon
ate
s
appears to be an important mechanism controlling the metal
concentrations in the aquatic environmental’az. Experiments on
calcium carbonate precipitation in the presence of heavy metal
ions33 indicated that heavy metal carbonates having a low solu-
bility (e.g. cadmium and lead) will be completely eliminated
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 TABLE 2
CARRIER SUBSTANCES AND MECHANISMS OF HEAVY METAL BONDING
 
Minerals of natural rock debris
metal bonding predominantly
(e.g. heavy minerals) in inert positions
Heavy metal
— hydroxides
Precipitation as a result of
— carbonates
exceeding the solubility product
- sulphides
in the area of the water course
Physico—sorption
(electrostatic attraction)
Clay minerals pH
(Sorption) Chemical sorption
(exchange of H+ in SiOH, AlOH and
A1 (0H)2)
Physico-sorption
Bitumen, Lipids pH
Humic substances
Residual organics Chemical sorption
(exchange of H+ in CO0H—, OH-groups)
complexes
pH Physico—sorption
Chemical sorption
(exchange of H+ in fixed positions)
Hydroxides and oxides Co—precipitation as a result of
of Fe/Mn exceeding the solubility product
pH Physico-sorption
Pseudomorphosis
(dependent on supply and time)
Calcium carbonate Co—precipitation
(incorporation by exceeding the
solubility product)
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from the solution as a result of co-precipitation with calcium
carbonate (Table 3). Examples from the heavily polluted Elsenz
River (a tributary to the Neckar River) and the Elbe River in
West Germany have demonstrated the actual importance of co—
precipitation phenomena with hydroxides of iron and calcium carbonate
in the natural environmentak’35. The presence of large amounts
of iron hydroxide in the Elsenz River was caused by the mixing
of normal Elsenz water with alkaline waste water from a local
galvanizing industry. The measured concentration of heavy
metals found in iron hydroxide concretions are far higher than
the concentrations found in the clay-sized fraction of the
surrounding Elsenz sediments. Compared to this surrounding
clay-sized sediment fraction, heavy metal enrichment by factors
of up to 30 times for Cd, 17 for Zn and 1.4 for Cu were measured
in the iron hydroxide concretionsak. Groth's36 investigations
on the co-precipitation of trace metals with hydrous Fe/Mn
oxides (also taking the competition of organic complexing agents
into account), indicated an almost complete co—precipitation of
copper occurring under all conditions, whereas zinc and cobalt
are precipitated to a much lesser extent in the presence of strong
EDTA complexing agents than of natural organic chelating substances
(Table 4).
In contrast to iron hydroxide, calcium carbonate was found to have
concentrated heavy metals far less than those found in the
surrounding clay size Elbe sediment fractionas. Calcium carbonate
coatings had been formed locally in the Elbe River as the result
of mixing effects upon the contact of normal Elbe River water
with alkaline waste waters from a local Dow Chemicals Plant.
Compared to the geochemical background values of heavy metals
in carbonate rocksa7, enrichment factors of approximately 10
times for Cd, 6 for Cu, 4.5 for Zn and 4 for Co were measured
in calcium carbonate coatings.
SELECTIVE EXTRACTIW PROCEDlRES
Many attempts have been undertaken for a selective extraction of
the different forms of metal association in both natural and polluted
sediments: Hirst & Nicholls3a differentiated the metal contents in the
detr
ital
and
non—
detr
ital
frac
tion
s of
carb
onat
e ro
cks
by a
cid
trea
tmen
t.
Goldberg & Arrhenius36 used EDTA to establish the partition of elements
between detrital igneous minerals and authigenic phases in pelagic sed—
iments. Arrhenius & Korkishl’o tried to separate the iron fraction of the
ferro—manganese nodules with l M hydrochloric and dilute aceticacid.
Chester & HughesH distinguished the lithogenous and non—lithogenous com—
ponents in recent aquatic sediment by acid—reducing l M hydroxylamine
hydrochloride + 25% acetic acid; this method reached particularly wide
application in marine geochemistry“2_”“. A combination of different
extraction procedures was first used by Nissen‘oaum"5 for sediments from the
Okhotsk Sea (Table 5a), then by Gibbs“6 for analyses of trace metals
asso
ciat
ed w
ith
diff
eren
t ca
rrie
r su
bsta
nces
in s
uspe
nded
mate
rial
s of
the
Amazon and Yukon Rivers (Table 5b). Engler and co-workers“7 developed a
separation technique, particularly for dredged materials, precluding
atmospheric oxidation at sensitive steps (Table Sc); sediments from Mobile
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TABLE 3
CO—PRECIPITATION OF TRACE METALS WITH CALCIUM CARBONATE
-LOG L = NEGATIVE EXPONENTS OF THE SOLUBILITY PRODUCTS 0F METAL CARBONATES
Original Metal contents in the precipitate
concentration in Z of the original concentration
(pg/1) Cd Pb Co Zn Cu Ni
25 100 100 100 100 96 96
250 100 100 100 100 - 43
2000 100 100 96 96 75 -
-log L 13.2 12.8 12.0 10.2 9.85 6.85
TABLE 4
CO-PRECIPITATION OF TRACE METALS WITH Fe/Mn-HYDROXIDES
   
Solution
Percent of metal additive in the precipitate
Fe Cu Zn Co Mn
distilled water 981 952 142 472 802
lake water
no admixture (a) 99% 982 861 672 251
EDTA (b) 991 882 18% 251 252
Peat extract (c) 992 972 881 751 252
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TABLE 5
SELE
CTIV
E EX
TRAC
TION
PROC
EDUR
ES F
OR M
ETAL
ASSO
CIAT
IONS
IN S
EDIM
ENTS
(PRE— AND INTER-TREATMENT STEPS — WASHING, CENTRIFUGATION, FILTRATION
ETC.
- AR
L NO
T IN
CLUD
ED I
N TH
E TA
BLE;
A —
DEFI
NITA
TION
OF T
HE C
HEMI
CAL
PHASE ACCORDING TO THE AUTHORS)
  
3. I‘lssrsmammL 1972
Treatment of sediment Ref. Chemical phase8
1) 30% H70; Perox. fraction
2) 2 N acetic acid (pH ~ 3) Acetic ac.—fraction
3) 6 N HCl HCl—fraction
A) Fuse with Na2C03 Residue fraction
2. CIBBSI 1973
Treatment of sediment Ref. Chemical phase6
1
l) l
N Mg
Clz—
solu
tion
, p
H=7
Cati
on e
xcha
nge
+ ad
sorp
tion
}
2)
Red
uct
ion
wit
h s
odi
um
dit
hio
nit
e/
Met
all
ic
coat
ings
3 complexing with sodium citrate
‘
3)
Sod
ium
hyp
och
lor
ite
, p
H=8
,5;
see
(2)
Sol
id
org
ani
c m
ate
ria
l
I
n
4) lithium metaborate 1000°C, HN03
Detrital crystalline material
ENGL
ER,
BRAN
NON2
ROS
E &
BRIG
HAM,
1974
(mod
ifie
d b
y GU
PTA
& CH
EN,
1975
)
Treatment of sediment
1) IN ammonium acetate, sediment-pH
2) 1M acetic acid (G & CH)
3) 0.1M hydroxylamine hydrochloride
solution in 0.01M nitric acid
4) 30% hydrogen peroxide at 95°C,
extract with 1N NHuOAc, pH=2,5 or
extract with 0.01M HN03 (G & CH)
5) Sodium dithionite/citrate or
0.04M NHZOH.HC1 in 25% acetic
. Chemical phasea
Exchangeable ions
Carbonate, some Fe/Mn—oxides
Easily reducible phase
(manganese oxide + amorphous
iron oxide)
Organic phase
(organics + sulphide)
Moderately reducible phase
(iron oxide)
acid at 100°C for 3 hrs (G & CH)
6)
Dig
est
ion
wit
h H
N03
, H
F,
HCl
Ou
Lit
hog
eno
us
fra
cti
on
d. PATCHINEELAM, 1975
‘ Treatment of sediment Ref. Chemical phasea
E
l)
0.2
N B
aCl
z-t
rie
tha
nol
ami
ne
Ads
orp
tio
n +
cat
ion
exc
han
ge
1 2) 0.1 N NaOH
3) COz—treatment
4) l M NHzOH.HCl/25% acetic acid
Humates + Fulvates
Carbonate co—precipitates
Hydrous Fe/Mn-oxides co—prec.
5) Digestion With HF/HC10u, HNOa Detrital silicates
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_Bay (Alabama), Ashtabula, Ohio (Lake Erie) and Bridgeport, Connecticut (Long
Island Sound) were investigatedua. Further modification of the Engler scheme
was performed by Gupta & Chen”9 and applied on sediments from Los Angeles
Harbor. Patchineelam differentiated the metal contents associated with cation
exchange positions, humic acids, carbonate minerals and hydrous Fe/Mn
oxides 2. The first three examples”’"6 compiled in Figure 2, represent
relatively unpollutedsystems (Dead Sea: 14 ppm Cu, 13 ppm Pb, 36 ppm Zn),
while both the latter areas”’32 are strongly contaminanted by heavy metals
(Los Angeles Harbor: 568 ppm Cu, 342 ppm Pb, 632 ppm Zn). In the example
of the Lower Rhine sediment32, two groups of metals can be distinguished
from a comparison of metal data of recent Rhine deposits with analyses of
ancient Rhine sediments obtained from drilling cores in the Cologne area20
High percentages of detrital fractions are found for those elements which
are less affected by man's activities, e.g. iron (3.0% in fossil Rhine
deposits — 3.42 in recent pelitic sediments of the Rhine), nickel (85 ppm —
165 ppm), and cobalt (14 ppm —35 ppm); on the other hand, lattice-held
fractions are very low for metals such as lead (30 ppm — 333 ppm), zinc
(115 ppm — 1558 ppm) and cadmium (0.3 ppm — 28.4 ppm). In the Rhine sed—
iments, lead, copper and chromium are particularly associated with the
hydroxide phases. These findings can be explained by the specific sorption
of lead to iron—hydroxides“, by the effective co—precipitation of copper
together with hydrous Fe/Mn oxides36, and by the absence of carbonate
phases of chromium in natural aquatic systems. The preferential carbonate
bonding of zinc and cadmium, on the other hand, can be attributed to the
relatively high stability of zinc-carbonate and cadmium-carbonate under the
pH—Eh conditions of common island waters55 as well as to the characteristic
co—precipitation of these components with calcium—carbonate. Copper and
cadmium contents are found to be closely associated to organic substances.
The metal fractions in cation exchange positions represent less than ten
percent of the total metal content associated to sediment. Similar results
were obtained by Gupta & Chen“9 particularly with respect to the low metal
concentrations in exchangeable form and to the sequence of metals associated
with detrital (silicate) minerals. The only exception is copper (98% in
detrital phase) of which only 10 to 14% is bonded to silicates in Nissenbaum's
study on the Sea of Okhotskhs.
THE [ELEASE OF TRACE METALS FROM RIVER SEDINENTS
Heavy metals which are "immobilized"56 in the bottom sediments of
rivers and dams constitute a potential hazard to water quality since they
may be released as a result of chemical changes in the aquatic milieu:
(1) Increased salinity of the water body leads to competition
between dissolved cations and adsorbed heavy metalions and
results in partial replacement of the latter. Such effects
should particularly be expected in the estuarine environment.
Apart from the highly complicated situation there57, however,
it was demonstrated, that the decrease in heavy metalconcen-
trations at the river/sea interface is caused by mixing processes
of polluted river particulates with relatively "clean" marine
sediments58 rather than by solubilization and/or desorption.
 
(2) A lowering of pH leads to the dissolution of carbonate and
hydroxide minerals and also — as a result of hydrogen ion
competition — to an increased desorption of metal cations.
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Extraction of different forms of metal associations in sediments
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Geochemistry
of
Sediment/Water
Interactions
of
Nutrients,
Pesticides
and Metals,
Including
Observations
on Availability
Nutrients
D. R. Bouldin
INTRODUCTION
During the period September 1972 through September 1975, phosphorus
fractions and flow were monitored in a 300 km2 (126 miz) watershed in central
New York.
In addition several studies were made of composition and flow in
selected subwatersheds for portions of this experimental period.
The water samples were collected manually.
Sampling frequency was
concentrated during periods of high discharge rate. The total phosphorus in
the water was separated into three fractions according to the following
scheme.
Within 2 to 3 hours after removal from the stream, the sample was
centrifuged at high speed to remove particulate matter.
The untreated super-
natant was analysed immediately for inorganic phosphorus and this fraction
was labelled molybdate reactive phosphorus (MRP).
Another portion of the
supernatant was oxidized with persulfate and the results of this analysis
were labelled TSP.
Finally, samples of the particulate matter were analysed
for total phosphorus.
Hence we derive 3 fractions:
a) a molybdate reactive
fraction which is probably mainly dissolved inorganic phosphorus, b) a
fraction which includes the molybdate reactive plus organic phosphorus and
c) the particulate fraction which is primarily the phosphorus associated with
the suspended solids.
The total quantity of these various fractions carried out of the
watershed during a specified time interval (loading) was calculated as follows.
The concentration of MRP increased as discharge rate increased and the concen-
tration of MRP was higher on the ascending limb of the hydrograph relative to
the descending limb; hence, regressions of MRP on discharge rate and rate of
change of discharge rate were calculated and these regressions were used for
interpolation purposes. The loading of MRP was then calculated as the sum of
the product of discharge per 2 hours, times concentration calculated from the
regression. In general the difference in concentration between MRP and TSP
was relatively constant and seemed to vary in a random fashion about the mean
of 12 microgrammes P/l. The phosphorus content of the particulate matter
varied randomly about a mean of 0.112 P.
There are 3 aspects of the data which will be discussed in detail.
These are: l) The removal from solution of soluble phosphorus inputs from
point sources during movement downstream, presumably by reaction with the
streambed. 2) A procedure for allocating the loading of soluble phosphorus
to a) biogeochemical ("natural" or "background") sources, b) diffuse sources
associated with human activity and c) point sources associated with human
activity. 3) A rationale for the working hypothesis that the soluble phos—
phorus will have a major impact on the biology of lakes while the phosphorus
associated with the particulate matter will have only a minor impact.
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the
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y o
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thes
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.
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.
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t m
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A c
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s re
acte
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 TABLE 1
Comparison of loading of total soluble phosphorus during selected
periods for 2 major subwatersheds (locations 15 and 16) and the
total watershed (location 1).
The areas of subwatersheds 15 and 16
are 147 and 104 km2 respectively and the area of watershed 1 is
330 kmz.
Note that during low discharge intervals, the MRP loading
from 15 and 16 was considerably higher than that at location 1,
even though location 1 included 15, 16 and an additional 78 km2
 
of area.
Location 16 includes the secondary sewage treatment plant.
Discharge at Kg P
location 1
Period (m3 x 10 6) 15 16 15 + 16 1
May 1974
through
October 1974 40 340 617 956 501
November 1974
through
May 1975 153 822 1026 1848 2356
May 1974
through
August 1975 210 1253 1803 3055 3065
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TABLE 2.
ALLOCATION OF MOLYBDATE REACTIVE PHOSPHORUS (MR?)
IN WATER AT LOCATIONS 15, 16 AND 1 FOR THE PERIOD
MAY 1974 THROUGH AUGUST 1975.
1/ Human Activity
BGC Point Diffuse Total
Location kg Z kg 2 kg Z kg
15 565 45 95 8 590 47 1250
16 394 22 1100 61 310 17 1800
1 1260 41 885 20 930 30 3060
l/Biogeochemical
60
E’ t 23
O
8
.2
E
i
2
’—
<1
I:
.—
Z
n:
c)
2
O
u
a.
O:
5 1 1 l
0
3 025 050 075 L0
SURFACE RUNOFF -I- TOTAL DISCHARGE
Figure 1. The regressions of MRP concentration on fraction of
the total flow as surface runoff at location 1 for
three winters.
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nat
ure
and
amo
unt
fro
m t
hat
del
ive
red
by
the
str
eam
dur
ing
sto
rm
per
iod
s.
Acc
ord
ing
to
the
rea
son
ing
whi
ch
fol
low
s,
the
amo
unt
of
par
tic
ula
te
pho
sph
oru
s
del
ive
red
by
the
str
eam
has
onl
y a
min
or
eff
ect
on
the
bio
log
y o
f
lak
es,
whi
le
the
dis
sol
ved
pho
sph
oru
s h
as
a m
ajo
r e
ffe
ct.
Fir
st,
the
bot
tom
of
the
lak
e i
s c
ove
red
wit
h s
edi
men
t d
eli
ver
ed
by
pas
t e
ven
ts
fro
m t
he
lak
e b
asi
n.
If
the
pho
sph
oru
s i
n t
he
sed
ime
nt
del
ive
red
by
pas
t e
ven
ts
was
ess
ent
ial
ly
in
the
sam
e f
orm
s a
s t
hat
del
ive
red
by
cur
ren
t
eve
nts
, a
ccu
mul
ati
on
of
mor
e o
f
the
sam
e s
eem
s u
nli
kel
y
to
cha
nge
the
eff
ect
of
the
bot
tom
sed
ime
nts
on
lak
e b
iol
ogy
;
tha
t i
s,
add
ing
a f
ew
mil
lim
etr
es
of
sed
ime
nt
to
sev
era
l m
etr
es
of
sed
ime
nt
see
ms
unl
ike
ly
to
hav
e a
n
imp
ort
ant
effect on lake biology.
Sec
ond
, q
ues
tio
ns
can
be
rai
sed
abo
ut
the
che
mic
al
act
ivi
ty
of
the
par
tic
ula
te
pho
sph
oru
s;
for
exa
mpl
e,
if
sam
ple
s o
f s
usp
end
ed
sol
ids
wer
e
lea
che
d w
ith
pho
sph
oru
s—f
ree
wat
er,
how
rap
idl
y w
oul
d t
he
sol
id
pha
se
pho
sph
oru
s
dis
sol
ve
and
wha
t w
oul
d
be
the
con
cen
tra
tio
n o
f p
hos
pho
rus
in
the
lea
chi
ng
wat
er?
The
res
ult
s
of
suc
h s
tud
ies
sho
w t
hat
the
re
is
a s
mal
l a
mou
nt
(us
ual
ly
con
sid
era
bly
les
s
tha
n
10%
)
of
the
tot
al
pho
sph
oru
s w
hic
h
dis
sol
ves
fai
rly
rap
idl
y a
nd
tha
t t
he
con
cen
tra
tio
n o
f l
eac
hat
e d
ecr
eas
es
as
lea
chi
ng
con
tin
ues
.
Suc
h p
hos
pho
rus
is
ref
err
ed
to
as
lab
ile
or
sor
bed
pho
sph
oru
s.
Onc
e t
his
lab
ile
pho
sph
oru
s i
s r
emo
ved
,
the
rem
ain
der
dis
sol
ves
ver
y s
low
ly
and
con
cen
—
tra
tio
ns
in
sol
uti
on
are
onl
y a
few
mic
rog
ram
mes
per
lit
re.
Fur
the
rmo
re,
thi
s i
s c
ons
ist
ent
wit
h
the
fac
t t
hat
mos
t o
f t
he
pho
sph
oru
s a
sso
cia
ted
wit
h
the
sus
pen
ded
sol
ids
has
per
sis
ted
thr
oug
h l
ong
geo
log
ica
l p
eri
ods
;
its
res
ist
anc
e t
o d
iss
olu
tio
n m
ust
be
con
sid
era
ble
or
it
wou
ld
hav
e b
een
lea
che
d
out
of
the
unc
ons
oli
dat
ed
man
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and
car
rie
d t
o t
he
sea
lon
g a
go.
The
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ult
s
of
stu
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s w
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Fal
l
Cre
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ime
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t t
he
par
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ula
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mat
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con
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1.1
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ram
mes
of
tot
al
pho
sph
oru
s
per
gra
m a
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ut
0.0
4
mil
lig
ram
mes
(4%
)
of
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s
is
in
a l
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sor
bed
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m.
Fur
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r
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t
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n c
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o p
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a g
rou
p o
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k l
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phy
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n
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e
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ate
d
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h
loa
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—
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d a
s s
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sph
oru
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d
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the
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m o
f
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al
pho
sph
oru
s.
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ult
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m t
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n e
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for
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per
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lak
es.
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se
and
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er
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nts
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d u
s
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bou
t t
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eff
ect
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f t
hes
e f
rac
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for
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per
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tem
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and
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k s
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se
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New
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k l
ake
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1)
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100
% o
f t
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sph
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mos
t o
f
the
tot
al
sol
ubl
e p
hos
pho
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(TS
P)
is
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ble
to
org
ani
sms
in
lak
es.
2)
pro
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ly
the
lab
ile
or
sor
bed
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tic
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pho
sph
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s
is
of
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d
imp
ort
anc
e
to
the
bio
log
y o
f
lak
es.
3)
pro
bab
ly
the
rem
ain
der
of
the
par
tic
ula
te
pho
sph
oru
s i
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f n
o c
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equ
enc
e
to
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bio
log
y o
f
lak
es.
A m
ost
imp
ort
ant
asp
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of
the
pre
ced
ing
par
agr
aph
s
is
to
at
lea
st
emp
has
ize
the
que
sti
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of
bio
log
ica
l e
ffe
cts
of
the
dif
fer
ent
pho
sph
oru
s
fra
cti
ons
.
The
re
see
ms
to
be
no
rea
son
abl
e d
efe
nse
for
the
hyp
oth
esi
s
tha
t
all
fra
cti
ons
are
of
equ
al
bio
log
ica
l i
mpo
rta
nce
.
Thu
s m
eas
ure
men
ts
of
loa
din
g b
ase
d o
n t
he
sin
gle
par
ame
ter
of
tot
al
P d
eli
ver
ed
by
str
eam
s s
eem
to
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 be of limited value in terms of estimating impact on lake biology. However,
total P in the photic zone of the lake is an important parameter, but it
should be noted that total P delivered by the stream and total P in lake
water are entirely different; in fact, the MRP and TSP fractions measured
in stream flow are probably comparable in many respects to total P in lake
samples.
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 DISCUSSION
Dr. T. Logan: You mentioned the method that you used for estimating the
labile phosphorus by using the equilibrium phosphorus concentration and
extrapolating to the amount that is desorbed. We have been doing more or
less the same type of procedure to find what fraction of the particulate
phosphorus might be bio—available. The only thing that bothers me about
that method is that it is time—dependent. It is the amount that you are
going to desorb in a given time which you pretty well define by your exper—
imental conditions. But if you consider the situation that might be
occurring in the lake, it is possible that you canregenerate additional
labile phosphorus if you let the sediment rest or put it through a rest
period. We have done some of this and in fact you can regenerate a consi~
derable amount of labile phosphorus. I want to know how we try and resolve
these types of problems.
Dr. D. BouZdin: The argument I would use is that we are interested in the
incremental effect on the phosphorus associated with the sediments that we
are adding. We assume that the sediments already there contain the phosphorus
that they inherited from the geological materials and that adding a fresh
batch really is not going to have too much influence on the lake. The thing
is, the new sediment coming in has this labile fraction that may in fact
have a much larger impact on the lake than the old sediment. That is our
rationale, and to be sure I would not say that what we did was the best.
It is a crude estimate and you can go into a lot of refinement with that,
and I think you probably should. The only point I am trying to make is
that it is not a very large fraction of the total sediment phosphorus that
we aredealing with. It is a relatively small fraction in our particular
case and I do not think this is something that you extrapolate everywhere.
Dr. T. Logan: The other point is, do you think that this labile phosphorus
is a sediment parameter? Do you see it changing with land use or ferti—
lization practices, manure practices, this type of thing, or is it more or
less determined by the soil characteristics?
Dr. D. Bouldin: I think it should very much depend on the kinds of treatment.
I would thinkthe suspended solids derived from a non-agricultural landscape
are quite different in nature from those derived from a barnlot. The amount
2&3
 
 of
labi
le
pho
sph
orus
on
the
barn
lot
sed
ime
nts
is q
uite
high
.
Let
me
say
one
oth
er
thi
ng,
I a
m j
ust
con
vin
ced
fro
m e
ver
yth
ing
I s
ee
and
all
the
ana
lys
is
of
the
dat
a I
can
car
ry
out
, t
hat
wel
l o
ver
50%
of
the
tot
al
sus
—
pen
ded
sol
ids
in
the
Fal
l C
ree
k W
ate
rsh
ed
are
sim
ply
der
ive
d f
rom
str
eam
ban
k
eros
ion,
and
this
is n
ot
the
kind
of
ero
sio
n t
hat
is
the
rew
ork
ing
old
sed—
imen
ts.
In o
ne
case
in
the
str
eam
sub
—wa
ter
she
d t
hat
give
s me
the
hig
hes
t
loa
din
g o
f s
uspe
nde
d s
olid
s,
the
str
eam
is
clea
rly
eati
ng
its
way
thro
ugh
an
old
term
inal
mora
ine.
It h
as
not
got
ther
e ye
t.
It
is
stil
l c
hewi
ng
away
on
that
and
you
can
see
that
in v
ery
many
plac
es i
n th
e wa
ters
hed.
We h
ave
got
a l
ittl
e b
it
of
sus
pen
ded
soli
ds
from
the
bar
nlo
ts
mixe
d u
p w
ith
a lo
t o
f
stuf
f t
hat
has
neve
r s
een
pho
sop
hor
us
or
man
ure
or
any
thi
ng
else
.
It
is
gro
und
up
gla
cia
l d
ebri
s t
hat
has
been
sit
tin
g t
here
for
10,
000
year
s.
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 Geochemistry
of
Sediment/Water
Interactions
of
Nutrients,
Pesticides
and
Metals,
Including
Observations
on
Availability.
Pesticides
J. B. Weber
INTRODUCTION
Pesticides used in agricultural production eventually reach the
soil where they are acted upon by various processes. The chemicals may
be decomposed by chemical, biological, or photochemical degradation.
They are also acted upon by transfer processes such as adsorption, exu—
dation, retention and accumulation by organisms, adsorption by soil
colloids, and other surfaces, and movement in the vapour, liquid and
solid state through the atmosphere, soil, and water (1, 2, 3). In this
paper, we are concerned primarily with pesticides and particulate matter
that end up as sediment in water.
SEDIMENT
Soil sediment is defined as the solid material, both mineral
and organic, that is in suspension, is being transported, or has been
moved from its site of origin by air, water, gravity, or ice and has come
to rest on the earth's surface either above or below sea level (4). It
is by far the United States' single largest water pollutant, exceeding the
sewage load by some 500 to 700 times (5). About half of all sediment
originates on agricultural land (6) and some of it contains adsorbed
pesticides (7).
The properties of sediment influence its effect on the environment.
Physical properties, including size, density, and shape of the particles
affect the sediment movement. Coarse sediment is relatively inert, but fine
sediments composed of silt, clay, and organic materials are chemically
active and may absorb or desorb chemicals from solution. The bulk of the
sediment problem, however, is caused by the colloidal fractions of sediment.
The colloidal material may be a mixture of clay minerals, of the expanding
or nonexpanding type, and of organic materials ranging from relatively
hydrophilic and undecomposed to highly lipophilic and highly decomposed.
Little is known about the chemistry of sediment in field situations, but
information is available on the interaction of pesticides with various
soil colloids and specific adsorbents (3,8). It is also known that
radioactive materials from fallout selectively erode with soil sediment
and may result in higher concentrations of radioactivity in reservoir
deposits (7) and there is a good possibility that an analogous situation
is occurring with pesticides. A recent survey along tributaries of the
lower Mississippi River revealed isolatedbottom sediment deposits con—
taining as much as 0.5 ppm DDT (9).
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l pe
bulate
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 Table 2.
NAMES AND PROPERTIES SELECTED PESTICIDES
Water
solubility
(22m)
 
Common
Name Chemical Name
cyp
erq
uat
l—
me
th
yl
—é
—p
he
ny
lp
yr
id
in
iu
m
ion
>10
5
dif
enz
oqu
at
1,2
—di
met
hyl
—3,
5-d
iph
eny
lpy
raz
ium
ion
>10
5
diq
uat
6,7
—di
hyd
rod
ipy
rid
o[l
,2—
a:2
‘,l
'—c
]py
raz
ine
dii
um
ion
>10
5
par
aqu
at
l,l
'-d
ime
thy
l—4
,4'
—bi
pyr
idi
niu
m
ion
>10
S
am
et
ry
n
2—
(e
th
yl
am
in
o)
—4
—(
is
op
ro
py
la
mi
no
)—
6-
(m
et
hy
lt
hi
o)
185
—s—triazine
at
ra
zi
ne
2—
ch
lo
ro
—4
-(
et
hy
la
mi
no
)—
6-
(i
so
pr
op
yl
am
in
o)
—s
-
33
triazine
pr
om
et
on
2,
4—
bi
s(
is
op
ro
py
la
mi
no
)-
6—
(m
et
ho
xy
)—
s-
tr
ia
zi
ne
750
pr
om
et
ry
n
2,
4—
bi
s(
is
op
ro
py
la
mi
no
)—
6—
(m
et
hy
lt
hi
o)
—s
—t
ri
az
in
e
48
da
la
po
n
2,
2—
di
ch
lo
ro
pt
op
io
ni
c
aci
d
>10
5
di
ca
mb
a
3,
6—
di
ch
lo
ro
—o
—a
ni
si
c
aci
d
450
0
pi
cl
or
am
A—
am
in
o—
3,
5,
6—
tr
ic
hl
or
op
ic
ol
in
ic
ac
id
43
0
2,
4—
D
2,
4—
di
ch
lo
ro
ph
en
ox
y
ac
et
ic
ac
id
90
0
de
me
to
n
0,
0—
di
et
hy
l—
o(
an
d
S)
-(
2—
(e
th
yl
th
io
)e
th
yl
)
25
0
phosphorothioaces
di
su
lf
ot
on
0,
0—
di
et
hy
l—
S-
(2
—e
th
yl
th
io
)e
th
yl
)p
ho
sp
ho
ro
—
66
dithioate
pa
ra
th
io
n
0,
0—
di
et
hy
l-
O—
p—
ni
tr
op
he
ny
l
ph
os
ph
or
ot
hi
oa
te
24
ph
or
at
e
0,
0-
di
et
hy
l-
S-
(e
th
yl
th
io
)-
me
th
yl
ph
os
ph
or
o-
50
dithioate
DS
MA
di
so
di
um
me
th
an
ea
rs
on
at
e
>1
05
gl
yp
ho
sa
te
N-
ph
os
ph
on
om
et
hy
lg
ly
ci
ne
>1
05
MA
MA
mo
no
am
mo
ni
um
me
th
an
ea
rs
on
at
e
10
6
MS
MA
mo
no
so
di
um
me
th
an
ea
rs
on
at
e
106
al
di
ca
rb
2-
me
th
yl
—2
-(
me
th
yl
th
io
)-
pr
op
io
na
ld
eh
yd
e-
O—
60
00
(methylcarbamoyl)oxine
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Vapour
Pressure
SEE—“8M9
<10"6
<10—6
<10‘6
<10—6
2 x 10‘6
10‘6
5 x 10‘6
3 x 10'6
<10—6
<10‘6
<10 6
<10-6
1.8 x 10‘“
10'“
2.3 x 10'3
<10—6
<10"6
<10”6
<10"6
1 x 10'3
 
Common
Name
CDAA
dimethoate
molinate
carbetamide
femuron
methomyl
propoxur
CDEC
EPTC
pebulate
vernolate
butachlor
diuron
fluometuron
monuron
aldrin
BHC
lindane
trifluralin
DDT
dieldrin
endrin
oryzalin
 
Chemical Name
 
N,N-diallyl—Z—chloroacetamide
0,0-dimethyl—S—(—methylcarbamoylmethyl)
phosphorodithioate
S—ethylhexahydro—lH—azepine—l-carbothioate
D—N—ethyl-Z—(phenylcarbamoyloxy)-propioamide
l,l—dimethyl-3—phenylurea
S—methyl—N—((methylcarbamoyl)oxy)thioacetimidate
2—isopropylphenyl—N—methylcarbamate
2—chloroallyl diethyldithiocarbamate
S—ethyl dipropylthiocarbamate
S—propyl butylethylthiocarbamate
S-propyl dipropylthiocarbamate
N—butoxymethyl-Z—chloro-Z',6'—diethylacetanilide
3—(3,4—dichlorophenyl)—l,l—dimethyurea
1,1—dimethyl—3—(a,a,a-ttifluoro-m~toly1)urea
3—(p-chlorophenyl)—l,l-dimethylurea
1,2,3,4,10,lO—hexachloro—l,4,4a,5,8,8a—hexahydro—
l,A—endo-exo—S,8-dimethanonaphthalene
1,2,3,4,536—hexachlorocyclohexane
gamma isomer of 1,2,3,4,5,6-hexachlorocyclohexane
a,a
,a-
tri
flu
or—
Z,6
-di
nit
ro—
N,N
—di
pro
pyl
-p—
tol
uid
ine
0.0
5
dichlorodiphenyltrichlorethane
1,2,3,4,10,lO—hexachlor—exo—6,7-epoxy-l,4,4a,5,6,
7,8,8a—octahydto—1,A-endo-exo—S,8-dimethano-
naphthalene
l,2
,3,
4,1
0,1
0-h
exa
chl
oro
—6,
7-e
pox
y—l
,4,
ha,
5,6
,7
8,8
a,—
oct
ahy
dto
—l,
A-e
ndo
,en
do—
S,8
-di
met
han
ona
pht
hal
ene
3,S-dinitro-N“,N“—dipropylsulfanilamide
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Water Vapour
solubility pressure
(ppm) (mm Hg @ 25°C)
>105 10‘2
25,000 1 x 10'“
800 5.6 x 10'3
3500 <10"6
3000 <10'6
10,000 <10'6
2000 <10"6
92 2.2 x 10 3
370 3.4 x 10 2
60 3.5 x 10 2
90 1.0 x 10 2
23 4.5 x 10 5
42 <10'6
90 <1o’°
230 5 x 10'7
0.2 10‘5
10 5 x 10'3
10 1.3 x 10'“
10’“
0.001 1.9 x 10'7
0.25 2.7 x 10"
0.23 2 x 10'7
2.A <1o‘7
 5
Pe
st
ic
id
es
wi
th
va
po
ur
pr
es
su
re
s
hi
gh
er
th
an
1
x
10
—
mm
of
Hg
at
25
°
C
ar
e
co
ns
id
er
ed
to
be
vo
la
ti
le
an
d
ge
ne
ra
ll
y
ne
ed
to
be
in
co
rp
or
at
ed
in
to
th
e
so
il
to
be
ef
fe
ct
iv
e
(3)
.
Ge
ne
ra
ll
y
th
e
hi
gh
er
th
e
va
po
ur
pr
es
su
re
,
th
e
mo
re
vo
la
ti
le
is
th
e
ch
em
ic
al
.
Su
ch
pe
st
ic
id
es
,
in
cl
ud
in
g
th
os
e
li
st
ed
in
Ta
bl
e
1
an
d
th
e
es
te
rs
of
th
e
ph
en
ox
y
ac
id
he
rb
ic
id
es
,
ar
e
ad
so
rb
ed
by
co
ll
oi
da
l
so
il
se
di
me
nt
s,
bu
t
th
ey
ar
e
re
ad
il
y
de
so
rb
ed
in
dy
na
mi
c
aq
ue
ou
s
sy
st
em
s;
in
ad
di
ti
on
th
e
va
po
ur
s
es
ca
pe
fr
om
th
e
aq
ue
ou
s
ph
as
e
in
to
th
e
atmosphere.
PESTICIDE NOVENENT
St
ud
ie
s
on
th
e
mo
ve
me
nt
of
pe
st
ic
id
es
fr
om
ag
ri
cu
lt
ur
al
la
nd
s
sh
ow
ed
th
at
th
e
ch
em
ic
al
s
we
re
tr
an
sp
or
te
d
bo
th
in
th
e
ru
no
ff
wa
te
r
an
d
ad
so
rb
ed
to
su
sp
en
de
d
ma
te
ri
al
s
(1
8,
19
,
20
,
28
).
Th
e
am
ou
nt
s
tr
an
sp
or
te
d
in
ru
no
ff
de
pe
nd
ed
on
cl
im
at
ic
fa
ct
or
s
su
ch
as
fr
eq
ue
nc
y,
in
te
ns
it
y,
an
d
du
ra
ti
on
of
ra
in
;
ch
em
ic
al
pr
op
er
ti
es
of
th
e
pe
st
ic
id
es
;
an
d
pr
op
er
ti
es
of
th
e
so
il
s
su
ch
as
so
il
ty
pe
,
sl
op
e,
an
d
mo
is
tu
re
co
nt
en
t
an
d
su
rf
ac
e
co
n-
dition.
Ba
rn
et
t
gt
_§
1.
(1
8)
fo
un
d
th
at
es
te
r
fo
rm
ul
at
io
ns
of
2,
4—
D
we
re
mo
re
su
sc
ep
ti
bl
e
to
ru
no
ff
th
an
th
e
mo
re
so
lu
bl
e
am
in
e
sa
lt
fo
rm
s.
Th
e
es
te
r
fo
rm
s
ad
so
rb
ed
to
so
il
pa
rt
ic
le
s
an
d
mo
ve
d
wi
th
th
e
er
od
in
g
so
il
,
wh
er
ea
s
th
e
am
in
e
fo
rm
s
di
ss
ol
ve
d
an
d
le
ac
he
d
in
to
th
e
so
il
.
Su
rf
ac
e
ru
no
ff
of
2,
4—
D
an
d
pi
cl
or
am
wa
s
fo
un
d
to
be
gr
ea
te
r
fr
om
so
d
th
an
fr
om
fa
ll
ow
so
il
su
rf
ac
es
in
st
ud
ie
s
by
Tr
ic
he
ll
(1
9)
.
Th
e
op
po
si
te
wa
s
fo
un
d
by
Ed
wa
rd
s
(3
0)
to
be
th
e
ca
se
fo
r
at
ra
zi
ne
.
Ru
no
ff
of
2,
4,
5—
T
wa
s
ab
ou
t
eq
ua
l
un
de
r
th
e
sa
me
co
nd
it
iO
ns
(3
).
He
rb
ic
id
e
ru
no
ff
in
cr
ea
se
d
wi
th
in
cr
ea
si
ng
sl
op
e
an
d
ra
te
of
ap
pl
ic
at
io
n
an
d
co
nc
en
tr
at
io
n
de
cr
ea
se
d
wh
en
runoff passed over untreated sod.
In
st
ud
ie
s
wh
er
e
tr
if
lu
ra
li
n,
DD
T,
to
xa
ph
en
e,
or
me
th
yl
pa
ra
th
io
n
wa
s
ap
pl
ie
d
to
co
tt
on
,
le
ss
th
an
1%
,
3.
12
%,
1%
,
an
d
0.
25
%,
re
sp
ec
ti
ve
ly
,
wa
s
re
co
ve
re
d
in
th
e
ru
no
ff
(2
6,
26
).
Of
th
e
fo
ur
pe
st
ic
id
es
re
co
ve
re
d,
84
%,
96
%,
75
%,
an
d
12
%,
re
sp
ec
ti
ve
ly
wa
s
as
so
ci
at
ed
wi
th
th
e
se
di
me
nt
.
Th
e
hi
gh
es
t
co
nc
en
tr
at
io
ns
of
di
ur
on
,
su
mm
it
ol
,
2,
4—
D,
2,
4,
5—
T,
an
d
pi
cl
or
am
ob
se
rv
ed
in
su
rf
ac
e
ru
no
ff
wa
te
rs
we
re
1.
8
pp
m,
0.
5
pp
m,
4.
2
pp
m,
1.
2
pp
m,
an
d
2.
7
pp
m
re
sp
ec
ti
ve
ly
,
in
di
tc
hb
an
k
we
ed
co
nt
ro
l
st
ud
ie
s
in
Ut
ah
(2
9)
.
Th
e
gr
ea
te
st
he
rb
ic
id
e
mo
ve
me
nt
oc
cu
rr
ed
du
ri
ng
in
ti
al
st
or
ms
following herbicide application.
Fl
uo
me
tu
ro
n
mo
ve
me
nt
in
ru
no
ff
fr
om
st
ud
ie
s
co
nd
uc
te
d
in
fi
ve
so
ut
he
rn
st
at
es
,
an
d
Pu
er
to
Ri
co
,
ra
ng
ed
fr
om
0.
10
to
0.
87
pp
m
in
th
e
fi
rs
t
ru
no
ff
an
d
de
cr
ea
se
d
to
le
ss
th
an
0.
2
pp
m
in
la
te
r
ru
no
ff
(2
1)
.
Mo
st
of
th
e
he
rb
ic
id
e
wa
s
fo
un
d
di
st
ri
bu
te
d
in
th
e
0
to
30
cm
zo
ne
(2
2)
,
bu
t
in
tw
o
sa
nd
y
so
il
s
it
wa
s
fo
un
d
in
th
e
15
to
30
cm
zo
ne
in
hi
gh
en
ou
gh
co
nc
en
tr
at
io
ns
in injure bioassay plants (23).
in
a
st
ud
y
co
nd
uc
te
d
in
ar
ea
s
wh
er
e
fo
re
st
ve
ge
ta
ti
on
ha
d
be
en
cu
t
tw
o
ye
ar
s
be
fo
re
sp
ra
yi
ng
,
le
ss
th
an
0.
1%
of
th
e
2,
4—
D,
an
d
le
ss
th
an
1%
of
th
e
pi
cl
or
am
ap
pl
ie
d
wa
s
lo
st
in
ru
no
ff
fr
om
th
e
fi
rs
t
se
ve
n
ru
no
ff
ev
en
ts
after herbicide application (24).
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Sheets gt a1. (25) found, where 2,4—D, 2,4,5—T, picloram, or
dicamba was applied to small plots in a mountain watershed, maximum con—
centrations of 2.55 ppm, 0.68 ppm, 4.19 ppm, and 0.16 ppm, respectively,
occurred in surface runoff during the first or second event after appli-
cation.
BIOACTIVITY OF ADSORBED PESTICIDES
Biological availability of bound pesticides is dependent upon the
type of pesticide and colloidal sediment involved (2, 1?). Pesticides that
are weakly adsorbed to the surfaces of colloidal sediment, such as the
phenoxy acid herbicides, are readily desorbed into the surrounding aqueous
environment and dissipate primarily through dilution. Pesticides, such as
diquat and paraquat, that are adsorbed on the internal surfaces of expanding
types of clay colloids are not released to the aqueous phase and are not
available to organisms. Pesticides that are very water insoluble are normally
adsorbed to the surface of lipophilic sediment. They are in equilibrium
with the surrounding aqueous environment and are released or degraded chem—
ically or biologically, except in those cases where the chemicals have
become part of the organic collodial matrix. The majority of pesticides are
intermediate in biological degradability in the bound state. They are in
equilibrium with the surrounding dynamic media which tends to desorb them
and make them available for degradation.
CONCLUSIONS
The extent to which pesticides applied to agricultural lands may
pollute runoff water and the eroding sediment depends on the physical,
chemical, and biological properties of the chemicals, the intensity and
duration of the rainfall, and edaphic properties such as soil cover, soil
type, and slope.
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 Geochemistry of Sediment/Water Interactions of Nutrients,
Pesticides and Metals, Including Observations on Availability.
Metals
I. Jonasson
INTRODUCTION
A knowledge of an element's behaviour at a sediment—water interface
is of prime concern in the development of an understanding of what may bethe
significant chemical controls on that element's dispersion and perhaps upon
its fixation into sediments.
Allied research on the transport of elements in solution as com—
plexed species has received wide attention in the geochemical literature.
Pitwell (1973) has concluded that the most common complexing ligands present
in groundwaters are water itself, carbonate, chloride, fluoride and some
organic acids. Taken to their extreme limits, processes by which metals are
mobilized, transported, precipitated and remobilized are considered important
steps in the formation of sedimentary sulphide orebodies. Saxby (1973) has
suggested that on diagenesis, metal—organic complexes may eventually form
concentrations of metallic sulphides.
However, this discussion is concerned primarily with the nature of
the dynamic interactions, mainly chemical, which affect the cycling of a
given trace metal ion or its compounds through fluvial systems.
Firstly it is necessary to deal with organic matter and its involve-
ment in such interactions, and then with the influences of certain hydrous
metal oxides. In nature, these might be regarded as two relatively pure
systems representing end—members of a full spectrum of interactions in which
practically any substance present can be regarded as a participant in dis-
persion processes.
For example, organic matter predominates in the flat—lying terrain
of the tree covered sectionof the Canadian Shield and Interior Lowlands.
Streams are commonly fed by waters from swamps, marshes and muskeg. The
residence time of waters within organic trash ensures considerable dissol—
ution of humic materials. Silts and clays are often covered with finely
divided organic matter. By contrast, stream sediments from the far north of
Canada and from the alpine Cordilleran regions are generally clean of organic
matter; waters derived mainly from snow melt contain very little dissolved
organics and adsorption of metals directly into clays, rock flour and hydrous
metal oxides and dissolution of mineral particles are the predominant water—
sediment interactions.
FETAL INTERACTIONS
(a) Interactions Involving Organic Matter
Within surficial waters the most significant form of metal—organic
interaction is generally accepted to involve chelation of trace elements
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Metal-organic interaction scheme as proposed by Ong 35 El.
(1970).
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 mechanisms of reaction can help to predict solution equilibria. Faster reactions
involving the formation of kinetically more labile complexes could be studied
by means of techniques such as stopped—flow spectroscopy.
By using anodic stripping voltammetry or pulse polarography or
electrophoresis methods in combination with other experimental techniques,
considerable data on elemental speciation could be gathered (Raspov et al.,
1975).
Bilinski gt El. (1976) have measured stability constants for—some
hydroxo— and carbonate—complexes of Pb (II), Cu (11), Cd (II), and Zn (II);
important species in most surficial waters and certainly in groundwaters.
Benes and Steinnes
(1974) have described in situ dialysis experiments which
permit determination of truly dissolved and colloidal forms of trace elements
in natural waters.
The more such research which can be done on site, the
better.
 
Field studies on the effects that interactions between trace metals
and organic matter have on dispersion processes are not commonly encountered.
De Groot (1971) and de Groot et 31. (1971) have published
extensivedata on
the Rhine River system. The Rhine has been subjected to industrial pollution
and as a consequence, the reported Hg, Zn, Cr, Pb, Cu and As levels of the
fluvial sediments were high. But downstream from the freshwater tidal area,
a pronounced remobilization of these elements into solution was observed.
It was considered that the change in chemical conditions, e.g., oxygenation
and increaSed salinity, prompted intensive decomposition of the sediment
organic materials which were retaining these metals. From this de Groot
concluded that the formation of soluble metal-organic complexes was mobilizing
the pollutant metals from the sediments. It is interesting to observe in de
Groot's data that the order of remobilization of the metals, Hg > Cu > Zn >
Pb > Cr > As > Co > Fe, is roughly the reverse of the solubilities of simple
sulphides. Therefore it seems likely that the greater complexing affinities
of e.g., Hg (11) and Cu (II) towards soluble organic matter are more important
kinetically than their sulphide solubilities. It has also been suggested that
dilution by incoming sediments carried by ocean tides is partly responsible
for the apparent mobilization effects. This may be true, but does not account
for the observed sequence of elemental mobilization.
The release of heavy metals from river bottom sediments has been
studied in the laboratory mainly with the use of radioisotopes. For example,
Co-60 has been used in the Danube River (Radosavjevric £5 51,, 1973); Mn-54,
Zn—6S, Sc-46, Co—60 and Hg—203 have been used in the Columbia River, (Lenaers,
1971; Bothner and Carpenter, 1973).
One of the more interesting studies of metal—sediment interactions
in stream systems is described by Jackson (1975). He designed model laboratory
experiments over a pH range 4 to 9 to simulate interactions in the system:
dissolved metal ion—clay -dissolved natural organic acids. The objective was
to compare results with data from field studies within carefully selected
stream systems. Interferences due to the presence of dissolved carbonate
were also observed. The ability of soil-derived humic and fulvic acids to
desorb metal previously adsorbed on clay and also metal from metal hydroxide
precipitates, was investigated. Cu (11), Pb (II), Zn (II) and Ni (11) cations
were chosen for study.
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 The
drainage
in
the
barren
grounds
of
the
Hackett
River
area
of
the
N.W.T.
resembles,
at
first
sight,
a
lake
system
rather
than
fluvial—type
drainage.
However
chains
of
lakes
are
connected
by
overflow
streams
in
spring
and
early
summer
during
which
time
most
metal
dispersion
takes
places.
Because
of
the
virtual
absence
of
dissolved
organic
matter
in
waters
and
of
colloidal
or
dispersed
suspensions
of
humic
material,
these
watersheds
can
be
regarded
as
inorganic
systems
in
which
chemical
processes
follow
predictable
paths
described
by
pH,
metal
ion
hydrolysis
and
simple
complex
ion
formation.
For
example,
the
st
ble
forms
of
Cu
in
these
waters
of
near-neutral
pH
are
expected
to
be
CuOH
, CuCO;0
and
[Cu(C03)2]_.
In
fact,
in
certain
lakes
where
Cu
is
quite
abundant
in
surrounding
rocks,
the
carbonate
malachite
precipitates
onto
the
bed
sediments.
The
water
bodies
are
found
to
be
in
near
equilibrium with
these
precipitates when
Cu,
OH“
and
CO3_
are
determined
in
the
lake
waters.
Under
the
same
conditions,
Zn
is
likely
present
in
the
+
waters
as
ZnOH
and
[Zn(H70)5]++
ions.
Two
watersheds
supplied
by metal
ions
from
similar
buried
volano—
genic
Cu—Zn
sulphide
mineralization
can be
compared.
The
first
situation,
at Hackett
River,
N.W.T.
demonstrates
the
degree
of
dispersion
of
Zn and
Cu
when
waters
near
the
source
of
the metal
ions
retain
a pH
in
excess
of
7.
This was
found
(Cameron and
Ballantyne,
1975)
to be
due
to the
presence in
the catchment of considerable exposures of carbonate—enriched
(limy)
volcanic
rocks.
Inspection of
Figure
3 reveals
that dispersion
of
Zn
from
the
East
Cleaver
zone
falls off
rapidly
over
a distance
of
about
6 miles.
Cu is
lost
from solution
far
more rapidly,
reaching
its natural
background
levels
(for
this region) of
1 ppb after about
3 miles dispersion.
Dissolved Fe or Mn
was generally less
than 5 ppb, even at source.
The second
situation, at
Agricola Lake, N.W.T.,
is virtually
identical to the Hackett River water-
shed except
that the underlying volcanic
rocks are devoid of carbonate
minerals.
The effects on pH are immediately apparent (Figure 4) at source,
pH is commonly between 3 and 4 with Fe reaching 800 ppb and Mn reaching 90
ppb.
As well dissolved Zn falls from about 1000 ppb to about 2 ppb over 5
miles.
Figure 4 also displays the change in pH down—drainage.
The work of Jenne, (1968) has shown that the main controls on Cu
and Zn dispersion relate to their fixation in hydrous Fe and Mn oxides
coatings or precipitates.
Cameron and co—workers observed that when Fe and
Mn were initially present at very low levels in the alkaline lake waters of
the Hackett River area near source, due to the presence of limy rocks restric—
ting mobility of those ions, the dispersion of soluble Zn and Cu through chains
of lakes was more extensive. This is attributed to the absence of an oxide
scavenger coprecipitating trace metals down—drainage. Thus dispersion can
be said to be enhanced in spite of the intially high water pH.
By contrast, in the Agricola Lake watershed where there is
little limy material to suppress acidity, initially high Zn and Cu were
accompanied into solution by initially high dissolved Fe and Mn. Rapid
hydrolysis of these ions resulted in the coprecipitation of Cu and Zn (and
As, Figure 5) into lake sediments as the pH increased with dilution.
Therefore dispersion was found to be much more limited than in the Hackett
River situation in spite of the initially high concentrations of Cu and Zn
and the very low water pH. Figure 4 also indicates that Zn begins to
appear in lake sediments when the pH exceeds 4.5, about 2 miles down—drainage,
i.e., when Fe and Mn oxides are forming as suspensions. Further transport
of Zn is probably in particulate form.
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 ORGANIC-INORGANIC INTERACTIONS
It
is
clear
that
the
presence
of
organic
matter
in
these
systems
would
have
several
predictable
effects.
Complexation
of
metal
ions
would
inhibit
hydrolysis
of
Fe
and
Mn,
redissolve
oxide
precipitates,
and
restrict
the
coprecipitation
of
Cu
and
Zn.
Humic
matter
is
also
an
efficient
acidity
buffer,
therefore
it
is
likely
that
high
acidity
as
observed
in
the
Agricola
Lake
area
would
be
suppressed
at
the
source
and
much
more
localized.
What
is
less
predictable
are
the
scavenging
effects
colloidal
organic
matter
would
have
on
free
metal
ions,
complexed
metal
ions
and
on
the
interactions
between
all
of
these
species
and
bottom
sediments.
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INTRODUCTION
Here
are
the
three
questions
posed
by
the
Governments
of
the
United
States
and
Canada
to
the
International
Joint
Commission
in
the
Reference
on
Pollution
from
Land
Use
Activities:
(l)
Are
the
boundary
waters
of
the
Great
Lakes
System
being
polluted
by
land
drainage
(including
ground
and
surface
runoff'and
sediments)
from
agriculture,
forestry,
urban
and
industrial
land
development,
recreational
and
park
land
development,
utility
and
transportation
systems
and
natural sources?
(2)
If
the
answer
to
the
foregoing
question
is
in
the
affirm—
ative,
to
what
extent,
by
what
causes,
and
in
what
localities
is
the
pollution
taking
place?
(3)
If
the
Commission
should
find
that
pollution
of
the
character
just
referred to
is
taking
place,
what
remedial
measures
would,
in
its
judgement,
be
most
practicable
and
what
would
be
the
probable
cost
thereof?
(bMVENTARY
Dr.
D.
R.
Bouldin
commented
this
morning
that
if
this
Workshop,
which
has
been
arranged
to
help
answer
these
questions,
had
been
held
three
years
ago
when
PLUARG
was
just
beginning
its
work,
there
would
have
been
nothing
to
talk
about:
the
relevant
information
was
not on
hand.
I
think
he
is
right.
But
even
with
the
new
data,
talents
and
personalities
that
have
been
brought
to
bear
on
the
problem
within
PLUARG
and
in
this
Workshop,
the
issues
still
remain
complex
and
resistant
to
quantitative
interpretation.
This
complexity
worries
me.
I see
it
as
a
persistent
threat
to
the defendability
of proposed
remedial measures
requested
in Question
3 of
the
Reference.
If
a remedial measure
is not defendable
it will
not
be accepted
by
the Commission,
by the
two Governments,
or
by the affected
people
and
organizations
in the
two countries.
The most important component of any
strategy for action is therefore a strategy
for defence.
For
this reason,
the order of attention given by PLUARG is answering the three questions should
be the reverse of the order in which they were posed.
From information presented at this Workshop it is apparent
that the
most important factors contributing to the complexity of the problems
are:
(l)
the virtual impossibility of tracing the sources and
ultimate fates of pollutants once they have entered
into stream transport;
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(2)
the
va
ri
et
y
an
d
la
rg
e
nu
mb
er
of
in
de
pe
nd
en
t
so
ur
ce
s
requiring separate control;
(3)
the
va
ri
ab
il
it
y
of
cl
im
at
ic
fa
ct
or
s
af
fe
ct
in
g
la
nd
ru
no
ff
,
th
ei
r
lo
w
fr
eq
ue
nc
y
an
d
un
pr
ed
ic
ta
bi
li
ty
in
ti
me
;
(4)
lo
ca
l
va
ri
at
io
ns
of
so
il
an
d
to
po
gr
ap
hi
c
fa
ct
or
s
af
fe
ct
in
g
runoff;
(5)
pe
rs
is
te
nt
qu
es
ti
on
s
co
nc
er
ni
ng
th
e
av
ai
la
bi
li
ty
to
pl
an
ts
,
or
to
xi
ci
ty
in
th
e
en
vi
ro
nm
en
t
of
ch
em
ic
al
s
in
di
ff
er
en
t
phases or forms.
It
wil
l
not
be
eas
y
for
PLU
ARG
,
for
the
Co
mm
is
si
on
or
for
re
gul
at
or
y
ag
en
ci
es
in
Ca
na
da
an
d
the
Un
it
ed
St
at
es
to
fo
rm
ul
at
e
an
d
de
fe
nd
re
me
di
al
me
as
ur
es
pe
rt
ai
ni
ng
to
a
la
rg
e
nu
mb
er
of
co
nt
ro
l
po
in
ts
wh
os
e
ef
fe
ct
s
ar
e
no
t
ea
si
ly
tr
ac
ea
bl
e
to
bo
un
da
ry
wa
te
rs
.
Be
ca
us
e
of
th
is
co
mp
le
xi
ty
it
wi
ll
be
im
po
rt
an
t
to
st
re
ss
two
as
pe
ct
s
of
de
fe
ns
iv
e
st
ra
te
gy
in
th
e
te
ch
ni
ca
l
re
po
rt
to the Commission.
I. ACCENT THE LONG TERM
As
th
e
ti
me
ba
se
le
ng
th
en
s
th
e
ra
te
of
de
li
ve
ry
of
pe
rs
is
te
nt
po
ll
ut
an
ts
to
bo
un
da
ry
wa
te
rs
in
cr
ea
se
s.
Al
so
,
it
mu
st
be
st
re
ss
ed
to
th
e
Co
mm
is
si
on
th
at
po
ll
ut
io
n
of
bo
un
da
ry
wa
te
rs
ar
is
in
g
fr
om
la
nd
us
e
ac
ti
vi
ti
es
is
no
t
go
in
g
to
be
so
lv
ed
or
ev
en
qu
an
ti
ta
ti
ve
ly
un
de
rs
to
od
ov
er
ni
gh
t.
Th
e
ne
ed
fo
r
ch
an
ge
s
in
hu
ma
n
at
ti
tu
de
s
an
d
be
ha
vi
ou
ra
l
pr
ac
ti
ce
s
in
re
ga
rd
to
la
nd
us
e
ac
ti
vi
ti
es
su
gg
es
ts
th
at
it
ma
y
be
op
ti
mi
st
ic
to
th
in
k
in
te
rm
s
of
ef
fe
ct
in
g
so
lu
ti
on
s
in
le
ss
th
an
a
ge
ne
ra
ti
on
's
tim
e.
I
ho
pe
th
at
PL
UA
RG
wi
ll
ma
ke
re
fe
re
nc
e
to
th
e
ne
ed
fo
r
co
nt
ro
ll
in
g
th
e
ra
te
of
gr
ow
th
of
hu
ma
n
po
p-
ul
at
io
n
an
d
te
ch
no
lo
gy
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n;
it
is
al
re
ad
y
co
nt
ro
ll
in
g
us
,
as
in
di
vi
du
al
s,
to
an
ex
te
nt
we
do
no
t
re
al
iz
e.
I
be
li
ev
e
th
at
th
e
Co
mm
is
si
on
,
th
e
tw
o
go
ve
rn
me
nt
s
an
d
th
e
pe
op
le
an
d
or
ga
ni
za
ti
on
s
in
vo
lv
ed
wi
ll
un
de
rs
ta
nd
th
e
ac
ce
nt
on
th
e
lo
ng
te
rm
if
it
is
pr
op
er
ly
pr
es
en
te
d.
Bu
t
th
is
ac
ce
nt
sh
ou
ld
no
t
be
us
ed
as
an
ex
cu
se
fo
r
in
ac
ti
on
or
de
la
y.
Wa
r
is
no
t
an
ap
pr
op
ri
at
e
an
al
og
y
in
th
e
pr
es
en
t
co
nt
ex
t;
ne
ve
r-
th
el
es
s,
a
qu
ot
e
fr
om
E.
Ma
ch
el
l—
Co
x'
s
tr
an
sl
at
io
n
of
Su
n
Tz
u'
s,
"T
he
Pr
in
ci
pl
es
of
Wa
r,
"
wr
it
te
n
23
00
ye
ar
s
ag
o,
is
no
t
ou
t
of
pl
ac
e:
"O
nc
e
ho
st
il
it
ie
s
ha
ve
be
gu
n,
if
Vi
ct
or
y
be
lo
ng
de
fe
rr
ed
,
we
ap
on
s
wi
ll
gr
ow
bl
un
t
an
d
ar
do
ur
da
mp
en
ed
;
if
th
e
ar
my
at
ta
ck
a
ci
ty
,
it
wi
ll
ex
ha
us
t
it
s
st
re
ng
th
;
if
it
be
lo
ng
in
th
e
fi
el
d,
st
at
e
su
pp
li
es
wi
ll
be
in
su
ff
ic
ie
nt
.
No
w,
wh
en
we
ap
on
s
ar
e
bl
un
te
d,
ar
do
ur
da
mp
en
ed
,
st
re
ng
th
ex
ha
us
te
d
an
d
tr
ea
su
re
go
ne
,
th
e
ot
he
r
pr
in
ce
s
wi
ll
ri
se
an
d
ta
ke
ad
va
nt
ag
e
of
yo
ur
ex
tr
em
it
y
an
d,
th
ou
gh
yo
u
we
re
a
ve
ry
Sa
ge
,
yo
u
sh
ou
ldn
ot
th
en
re
me
dy
th
e
co
ns
eq
ue
nc
es
.
So
it
is
th
at
th
ou
gh
yo
u
sh
al
l
he
ar
of
st
up
id
ha
st
e
in
wa
r
ye
t
yo
u
sh
al
l
ne
ve
r
he
ar
th
at
lo
ng
ca
mp
ai
gn
s
ar
e
cl
ev
er
.
Th
er
e
ha
s
ne
ve
r
ye
t
be
en
a
co
un
tr
y
th
at
ha
s
be
ne
fi
te
d
by
a
lo
ng
wa
r.
”
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 II.
Avogﬁ
GENERALITXES
LIKE
n
5
PLAGUE:
Do
NOT
TRY
TO
SOLVE
EVERYTHING
T CE
Certain
land
use
activities
are
more
likely
to
affect
boundary
waters
than
others;
for
example,
those
in
close
proximity
to
boundary
waters.
Because
of
their
small
size,
large
surface
area
and
charge,
fine—grained
particles
are
likely
to
be
more
important
that
coarse~grained
particles
in
transporting
pollutants
from
distant
sites
to
boundary
waters.
Steep
slopes
are
likely
to
be
more
susceptible
to
erosion
than
flat
land
with
porous
soils.
Let
there
be
an
heirarchy
of
priorities
in
space
and
time.
Over-
generalization
will
only
antagonize
those
whose
cases
do
not
easily
fit
into
the
general
scheme;
and
the
loss
of
their
support
will
only
weaken
the
cause.
In
this
context
it
is
worth
re—emphasizing
the
importance
of
a
defensive
strategy
to
PLUARG
with
another
quote
from
E.
Machell—Cox's
translation
of
Sun
Tzu's,
"The
Principles
of
War."
"Just
as
it
is
no
great
sign
of
strength
to
lift
an
autumn
hair,
of
keen
sight
to
see
the
sun
andmoon,
or
of
sharp
hearing
to
hear
thunder,
so
if
the
basis
of
your
victory
is
apparent
and
within
the
understanding
of
the
common
herd,
it
is
not
of
the
highest
excellence;
nor
is
it
of
the
highest
excellence
if
you win
a pitched
battle
and
all
the
world
cry
"Ha!"
What
the
ancients
called
a
clever
fighter
was
a
man
who
won,
and
won
easy
victories,
which
brought
neither
a
name
for
wisdom
nor
credit
for
courage.
His
victories
came
of
making
no
mistakes;
by
making
no
mistakes
he
had
ensured
victory,
and needed
but
to defeat an enemy
already overcome.
The
skillful
warrior
is
one who
puts
himself
in
a position
such
that
he
cannot
be
defeated,
and
does
not
then
lose
the
occasion
of
defeating
the enemy.
The
victorious
army
first
secures
its
victory
and then
gives
battle;
the vanquished
first
engages
and then seeks to secure victory.”
    
 G. H. Bury
INTRODUCTION
It would be redundant for me to attempt to summarize, or to review,
the Workshop contributions on physical processes. Those attending have been
supplied with abstracts and with papers, have listened to the papers presented
and to the question—and-answer sessions, have laboured with the various work
groups, and have contributed to the recommendations which the work groups
will be making.
Readers of the final document will be presented with extended
abstracts of papers, and with the recommendations that emerge from the Workshop
as a whole. Rather than attempting to review, or to repeat, what is said
elsewhere, I propose in these comments to sound certain general themes, to
suggest a possible means of economizing on environmental monitoring, and to
draw attention to some possible dangers and difficulties in attempting to
forecast for the future.
WORKSHOP ACTIVITIES AND ATTITUDES
Like any good conference, this Workshop has led to the informal
exchange of knowledge and acquaintance. It has also led to, or at least dis-
closed the possibilities of, the interfacing of programs-— programs of re—
search, management, and regulation.
It has also revealed a broad range of viewpoints, particularly
perhaps among those interested mainly in physical processes. At the one
extreme comes the urgent need for practical action, in containing, reducing,
or even eliminating the discharge of sediments, nutrients, and contaminants
into the Great Lakes. At the other extreme comes the desire for long term
basic research, especially research into processes of erosion, transportation,
and discharge or sedimentation. The two corresponding extreme attitudes are
that of eliminating process studies altogether, in favour of implementing
immediate control measures, and that of considering control impossible, until
sources of input are identified and the processes of input are completely
understood.
Somewhat related matters are the high variability of observational
data, and the difficulty of extrapolating to large natural basins the results
obtained from small basins or from trial plots. Although it may verywell
prove necessary to do whatever is possible with the data already available,
divergent views on what actually is possible were reflected at the Workshop
in differing opinions on the potential of computer modelling. 0n the one
hand, soil loss equations can be run through a number of existing computer
programs. 0n the other hand, some researchers consider that the results
predicted by computer need careful reappraisal against what happens in the
real world. In addition, prediction of soil loss, however accurate, may by
no means foretell what actuallywill be moved out of the basin.
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BASIN STORAGE
The residence time for nutrients and contaminants seems to be
reasonably well understood, in terms of water chemistry, soil chemistry,
biochemistry, and the half-lives of degradable substances. In addition,
considerable progress can be claimed in the study of the transportation of
chemicals actually attachedto sediment in transit. By contrast, very little
is known about the residence time in storage of sediment delivered to head—
streams, but not discharged at the basin mouth. Streams draining basins of
quite moderate size may deliver at their mouths as little as ten per cent of
the sediment fed into the headwaters. The undelivered fraction goes into
storage somewhere in the basin, presumably in large part as floodplain
alluvium.
There appears to be an urgent need, not only for the study of
storage of sediment, but also of the storage of sediment—associated nutrients
and contaminants. Little or nothing seems to be known of the distance through
which these materials can be carried, in time of flood, away from the stream
channel, of their concentration in floodplain deposits, or of their release
from storage if erosion supercedes deposition.
Tf sediment and associated materials be thought of as stored mainly
in the downstream part of a basin, then erosion control in the headwaters
could promote draining of the storage reservoirs. Before control, erosion in
the headwaters supplies abundant sedimentwhich tends to choke the lower
valleys. Control, by cutting off the sediment supply, could be expected to
reverse the response—~that is, to permit the downstream reaches to switch
from deposition to erosion, and thus to begin the removal of the stored
sediment.
There is in any case a gap of knowledge between the situation where
sediments (plus nutrients and contaminants) are put into a fluvial system,
and
the
situ
atio
n wh
ere
they
are
part
ly d
isch
arge
d t
hrou
gh
the
basi
n mo
uth—
-
in t
his
cont
ext,
into
the
Grea
t La
kes.
This
know
ledg
e ga
p is
prob
ably
the
widest of any of those identified at the Workshop. The fact that only a
smal
l fr
acti
on o
f th
e in
put
beco
mes
outp
ut a
t th
e mo
uth
sugg
ests
that
the
main
moni
tori
ng e
ffor
t,
in t
he f
irst
inst
ance
, s
houl
d be
dire
cted
to f
indi
ng
out what actually is discharged.
POSSIBLE USE OF SURROGATE OBSERVATIONS
Several contributors referred to difficulties of stream sampling,
in t
erms
both
of s
ampl
ing
erro
rs a
nd o
f sa
mpli
ng t
echn
ique
s.
Samp
ling
erro
r
coul
d pr
esum
ably
be r
educ
ed b
y an
incr
ease
d i
nten
sity
of o
bser
vati
on,
and
by
impr
oved
tech
niqu
es,
part
icul
arly
thos
e of
samp
ling
bedl
oad.
Howe
ver,
con—
tinu
ous
moni
tori
ng b
y me
ans
of h
ourl
y or
even
once
—dai
ly o
bser
vati
ons
appe
au
out
of t
he q
uest
ion,
on l
ogis
tica
l gr
ound
s.
Simi
larl
y, c
onti
nuou
s mo
nito
ring
by m
achi
nes,
alt
hou
gh
in
some
ways
mor
e p
rac
tic
abl
e t
han
mon
ito
rin
g b
y h
uman
s
woul
d p
rove
inor
dina
tely
expe
nsiv
e fo
r an
y re
ally
sati
sfac
tory
netw
ork
of
stations.
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 A
p
o
s
s
i
b
l
e
m
e
a
n
s
o
f
e
c
o
n
o
m
y
r
e
s
i
d
e
s
i
n
s
u
r
r
o
g
a
t
e
o
b
s
e
r
v
a
t
i
o
n
s
.
F
o
r
i
n
s
t
a
n
c
e
,
it
c
a
n
r
e
a
d
i
l
y
b
e
s
h
o
w
n
t
h
a
t
,
f
o
r
t
h
e
H
u
r
r
i
c
a
n
e
A
g
n
e
s
f
l
o
o
d
s
i
n
N
e
w
Y
o
r
k
a
n
d
P
e
n
n
s
y
l
v
a
n
i
a
i
n
1
9
7
2
,
t
h
e
t
o
t
a
l
d
e
l
i
v
e
r
y
o
f
w
a
t
e
r
a
n
d
t
h
e
t
o
t
a
l
d
e
l
i
v
e
r
y
o
f
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
i
n
a
g
i
v
e
n
f
l
o
o
d
w
a
v
e
c
a
n
b
e
e
x
p
r
e
s
s
e
d
a
s
a
p
o
w
e
r
f
u
n
c
t
i
o
n
o
f
m
o
m
e
n
t
a
r
y
p
e
a
k
d
i
s
c
h
a
r
g
e
(
D
u
r
y
,
i
n
p
r
e
s
s
)
.
T
h
i
s
s
t
a
t
e
m
e
n
t
h
o
l
d
s
,
t
h
r
o
u
g
h
a
r
a
n
g
e
o
f
r
e
c
u
r
r
e
n
c
e
i
n
t
e
r
v
a
l
s
f
r
o
m
l
e
s
s
t
h
a
n
2
to
m
o
r
e
t
h
a
n
1
0
0
y
e
a
r
s
(
a
n
n
u
a
l
s
e
r
i
e
s
)
,
a
n
d
t
h
r
o
u
g
h
a
r
a
n
g
e
o
f
d
r
a
i
n
a
g
e
a
r
e
a
s
f
r
o
m
l
e
s
s
t
h
a
n
1
.
0
to
1
6
,
7
0
0
kmz.
N
e
a
r
l
y
97
p
e
r
c
e
n
t
of
v
a
r
i
a
t
i
o
n
in
d
e
l
i
v
e
r
y
of
s
u
s
—
p
e
n
d
e
d
s
e
d
i
m
e
n
t
is
s
t
a
t
i
s
t
i
c
a
l
l
y
e
x
p
l
a
i
n
e
d
by
v
a
r
i
a
t
i
o
n
in
m
o
m
e
n
t
a
r
y
p
e
a
k
d
i
s
c
h
a
r
g
e
.
T
h
i
s
l
a
t
t
e
r
v
a
r
i
a
b
l
e
,
o
n
c
e
a
r
a
t
i
n
g
c
u
r
v
e
h
a
s
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
,ca
n
b
e
s
i
m
p
l
y
a
n
d
c
h
e
a
p
l
y
r
e
c
o
r
d
e
d
by
a
c
r
e
s
t
—
s
t
a
g
e
g
a
ug
e
.
O
n
c
e
a
s
e
d
i
m
e
n
t
r
a
t
i
n
g
c
u
r
v
e
h
a
s
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
,
m
o
m
e
n
t
a
r
y
p
e
a
k
f
l
o
ws
of
w
a
t
e
r
c
a
n
be
u
s
e
d
to
g
i
ve
s
e
d
i
m
e
n
t
d
i
s
c
h
a
r
g
e
.
M
e
t
h
o
d
s
of
this
kind
are
e
s
p
e
c
i
a
l
l
y
a
t
t
r
a
c
t
i
ve
,
s
i
n
c
e
m
a
n
y
r
i
v
e
r
s
d
i
s
c
h
a
r
g
e
a
v
e
r
y
l
a
r
g
e
f
r
a
c
t
i
o
n
o
f
t
o
t
a
l
s
e
d
i
m
e
n
t
in
o
n
l
y
a
few
days
of
high
flow.
S
u
n
d
r
y
c
o
n
t
r
i
b
u
t
i
o
n
s
to
the
W
o
r
k
s
h
o
p
s
ug
g
e
s
t
that,
for
some
s
t
r
e
a
m
s
at
least,
d
i
s
c
h
a
r
g
e
of
c
e
r
t
a
i
n
n
u
t
r
i
e
n
t
s
and
c
o
n
t
a
m
i
n
a
n
t
s
can
be
e
x
p
r
e
s
s
e
d
as
f
u
n
c
t
i
o
n
s
of
d
i
s
c
h
a
r
g
e
of
s
u
s
p
e
n
d
e
d
sediment.
P
h
o
s
p
h
o
r
us
,
n
i
t
r
o
g
e
n
,
carbon,
and
p
e
s
t
i
c
i
d
e
s
w
e
r
e
s
p
e
c
i
f
i
c
a
l
l
y
m
e
n
t
i
o
n
e
d
.
W
h
e
r
e
v
e
r
a
f
i
r
m
r
e
l
a
t
i
o
n
s
h
i
p
can
be
e
s
t
a
b
l
i
s
h
e
d
between
discharge
of
n
ut
r
i
e
n
t
s
/
c
o
n
t
a
m
i
n
a
n
t
s
and
discharge
of
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
,
and
a
n
o
t
h
e
r
b
e
t
w
e
e
n
d
i
s
c
h
a
r
g
e
of
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
and
d
i
s
c
h
a
r
g
e
of
water,
then
the
peak
flow/flood
wave
relationship
can
be
used
to
measure
total
delivery
in
a
particular
event
of
sediment,
nutrients,
and
contaminants.
SPATIAL VARIATION
Just
as
response
to
sediment
input
can
differ
from
one
part
of
a
basin
to
another
(i.e.,
between
upstream
and
downstream
reaches,
so
variation
is
to
be
expected
between
one
basin
and
another,
and
between
one
region
and
another.
If
surrogate
methods
of
monitoring
are
to
be
developed
for
the
Great
Lakes
rivers,
possible
regional
variation
needs
to
be
investigated.
If
such
variation
does
occur,
then
sample
streams
for
the
individual
regions
could
be
observed,
as
against
observing
all
streams
throughout
the
system.
Basin
size
is
likely
to
prove
an
additional,
and
perhaps
an
influential,
variable.
Pilot
studies
in
regional
and
inter-basin
variation
would
seem
to
offer
useful
possibilities.
PREDICTION FOR THE FUTURE
One
attendee
remarked
that
a
meeting
such
as
this
Workshop
would
have
been
impossible
three
years
ago-~the
implication
being
that,
in
the
last
three
years,
we
have
already
come
a
very
long
way
in
assembling
the
data
necessary
for
the
tasks
in
hand.
The
comment
is
highly
gratifying.
At
the
same
time,
a
three—year
series
of
observations
is
impossibly
short
for
most
purposes
of
prediction.
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 Som
e
of
the
str
eam
s
dr
ai
ni
ng
int
o
the
Gre
at
Lak
es
do,
of
cou
rse
,
hav
e
qui
te
re
sp
ec
ta
bl
y
lon
g
rec
ord
s
of
the
di
sc
ha
rg
e
of
wat
er.
For
all
tha
t,
far
les
s w
as
hea
rd
of
ma
gn
it
ud
e—
fr
eq
ue
nc
y
an
al
ysi
s
at
the
Wo
rk
sh
op
tha
n
cou
ld
perhaps have been expected.
It
is
axi
oma
tic
tha
t,
for
mag
nit
ude
-fr
equ
enc
y
ana
lys
is
of
str
eam
flo
w,
a r
eco
rd
nee
ds
to
be
twi
ce
as
lon
g a
s
the
gre
ate
st
rec
urr
enc
e
int
erv
al
for
whi
ch
con
fid
ent
pre
dic
tio
n
can
be
und
ert
ake
n.
Thu
s,
a l
OO—
yea
r
rec
ord
is
nee
ded
for
the
con
fid
ent
pre
dic
tio
n o
f
the
50—
yea
r
eve
nt.
In
pra
cti
ce,
eve
nts
of
gre
at
mag
nit
ude
and
low
fre
que
ncy
may
hav
e
to
be
pre
dic
ted
fro
m
sho
rt
rec
ord
ser
ies
,
in
whi
ch
cas
e
co
nf
id
en
ce
lim
its
sho
uld
be
sta
ted
.
As
obs
erv
ati
on
ser
ies
in
the
Gre
at
Lak
es
are
a
bec
ome
ext
end
ed,
it
see
ms
in
evi
ta
bl
e
tha
t
ma
gn
it
ud
e—
fr
eq
ue
nc
y
ana
lys
is
wil
l
app
ear
in
cr
ea
si
ng
ly
att
rac
tiv
e.
How
eve
r,
muc
h
rec
ent
and
cur
ren
t
wor
k
has
ten
ded
to
rev
eal
dis
con
tin
uit
ies
——t
emp
ora
l
ste
p
fun
cti
ons
——i
n
a w
hol
e
ran
ge
of
phe
nom
ena
,
inc
lud
ing
tho
se
of
cli
mat
e,
wea
the
r,
and
str
eam
flo
w.
It
is,
for
ins
tan
ce,
ent
ire
ly
po
ss
ib
le
for
an
abr
upt
shi
ft
to
occ
ur
in
the
ar
ea
/i
nt
en
si
ty
/d
ur
at
io
n
re
la
ti
on
sh
ip
s
of
do
mi
na
nt
sto
rms
,
and
co
ns
eq
ue
nt
ly
in
the
inp
ut
of
se
di
me
nt
to a given fluvial system.
Ev
en
wh
en
ve
ry
lo
ng
re
co
rd
s
ex
is
t,
or
wh
en
th
e
fr
eq
ue
nc
y
of
an
eve
nt
of
ver
y
gre
at
ma
gn
it
ud
e
can
re
as
on
ab
ly
be
id
en
ti
fi
ed
fro
m
a
sho
rt
rec
ord
,
it
may
pro
ve
imp
oss
ibl
e
to
id
en
ti
fy
th
re
sh
ol
ds
—-s
uch
,
for
exa
mpl
e,
as
the
thr
esh
old
whe
re
sev
ere
cha
nne
l
er
os
io
n
is
sud
de
nl
y
ini
tia
ted
,
and
wh
er
e
the
inp
ut
of
sed
ime
nt
int
o
the
flo
win
g
wat
er
is
sud
de
nl
y
inc
rea
sed
.
A
cas
e
in
poi
nt
is
tha
t
of
the
Eng
lis
h
riv
er
Nen
e,
wh
ic
h
in
194
7
ex
pe
ri
en
ce
d
a
flo
od
be
lo
ng
in
g
so
me
whe
re
be
twe
en
500
and
100
0
yea
rs
on
the
an
nua
l
ser
ies
(Du
ry,
197
4).
Thi
s
flo
od,
how
eve
r,
fai
led
to
pr
od
uce
si
gn
if
ic
an
t
eff
ect
s,
eit
her
in
the
cha
nne
l
or
on
the
flo
odp
lai
n.
Oth
er
riv
ers
are
kn
own
to
re
sp
on
d
dr
as
ti
c—
al
ly
to
fl
oo
ds
of
mu
ch
lo
we
r
ma
gn
it
ud
e
(c
om
pa
ra
ti
ve
ly
sp
ea
ki
ng
)
an
d
of
mu
ch
gr
ea
te
r
fr
eq
ue
nc
y.
De
sp
it
e
th
e
ob
vi
ou
s
di
ff
ic
ul
ti
es
,
th
e
id
en
ti
fi
ca
ti
on
of
thr
esh
old
s
of
be
ha
vi
ou
r
on
the
par
t
of
st
re
am
ch
an
ne
ls
—-a
nd
,
for
tha
t
mat
ter
,
of
far
mla
nd
so
il
s-
—is
cru
cia
l
to
the
pr
ed
ic
ti
on
and
co
nt
ro
l
of
sed
ime
nt
inp
ut.
On
ce
aga
in,
pi
lo
t
stu
die
s
and
re
gi
on
al
as
se
ss
me
nt
are
in
ord
er.
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RECOWFENDATIONS
OF
THE
WORK
GROUPS
T
h
e
w
o
r
k
g
r
o
u
p
s
e
s
t
a
b
l
i
s
h
e
d
at
the
w
o
r
k
s
h
o
p
w
e
r
e
h
e
l
d
in
f
o
u
r
c
o
n
c
u
r
r
e
n
t
s
e
s
s
i
o
n
s
.
T
h
r
e
e
g
r
o
u
p
s
w
e
r
e
e
a
c
h
a
s
s
i
g
n
e
d
a
p
o
l
l
u
t
a
n
t
r
e
l
a
t
e
d
to
the
s
o
ur
c
e
s
and
t
r
a
n
s
p
o
r
t
of
s
e
d
i
m
e
n
t
(nutrients,
m
e
t
a
l
s
and
p
e
s
t
i
c
i
d
e
s
)
.
O
n
e
g
r
o
u
p
d
e
a
l
t
w
i
t
h
the
p
h
y
s
i
c
a
l
p
r
o
c
e
s
s
e
s
i
n
v
o
l
v
e
d
in
s
e
d
i
m
e
n
t
g
e
n
e
r
a
t
i
o
n
and
t
r
a
n
s
p
o
r
t
.
It
wa
s
m
a
d
e
c
l
e
a
r
to
e
a
c
h
group
that
they
w
e
r
e
to
c
o
n
s
i
d
e
r
P
L
U
A
R
G
'
s
p
r
e
s
e
n
t
p
r
o
g
r
a
m
m
e
of
s
e
d
i
m
e
n
t
c
o
l
l
e
c
t
i
o
n
and
a
n
a
l
y
s
i
s
a
n
d
m
a
k
e
any
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
for
changes
in
sampling
and/or
analysis.
A
d
d
i
t
i
o
n
a
l
l
y
the
g
r
o
u
p
s
w
e
r
e
to
c
o
n
s
i
d
e
r
the
p
o
t
e
n
t
i
a
l
impact
of
o
n
g
o
i
n
g
r
e
s
e
a
r
c
h
p
r
o
—
grammes
and
the
research
needed
in
the
long
term
to
help
answer
some
of
the
q
u
e
s
t
i
o
n
s
p
o
s
e
d
d
u
r
i
n
g
the
p
l
e
n
a
r
y
s
e
s
s
i
o
n
s
.
By
the
very
nature
of
the
wo
r
k
groups
there
was
considerable
over—
lap
in
the
discussions.
It
would
be
difficult,
for
example,
to
discuss
the
relationship
of
pesticides
to
sediment
without
also
discussing
the
physical
processes
involved
in
sediment
production
and
movement.
Where
recommendations
from
work
groups
have
overlapped,
they
have
been
edited
and
combined
with
general
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
for
research
needs.
The
recommendations
expressed
here
have
been
summarized
by
the
work
group
chairmen
and
are
not
verbatim
accounts
of
the
discussion
held.
PHYSICAL PROCESSES
This
work
group
focused
upon
physical
processes
in
fluvial
transport
of
nutrients
and
contaminants
although
it
is
recognized
that
physical,
chemical
and
biological
processes
must
all
be
considered
together.
The
work
group
examined
several
questions:
(1)
What
do
we
need
to
know?
—
for
PLUARG
to
satisfactorily
complete
its
Terms
of
Reference,
—
for
the
Governments
to
manage
land
use
activities
to
achieve
satisfactory
Great
Lakes
water
quality,
(2)
What
do
we
know?,
and
(3)
What
recommendations
should
be
made
to
PLUARG
and
to
the
Research
Advisory
Board/IJC
in
terms
of
recommended
actions
or
research needs?
The
Workshop
was
partitioned
into
considerations
of
sources
and
in—
stream
transport
mechanisms
and
the
discussions
of
Group
1
are
presented
here
within
the
same
categories.
Research
needs
are
discussed
both
within
the
context
of
immediate
needs
of
PLUARG
and
with
a
view
of
future
research
which,
although
necessary
to
answer
the
PLUARG
Terms
of
Reference,
cannot
be
feasibly
concluded
within
the
life
of
PLUARG
for
reasons
of
cost,
available
time,
data
limitations, etc.
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 Wit
h r
efe
ren
ce
to
the
thr
ee
que
sti
ons
pos
ed
in
the
PLU
ARG
Ter
ms
of
Ref
ere
nce
,
it
is
acc
ept
ed
tha
t t
he
bou
nda
ry
wat
ers
of
the
Gre
at
Lak
es
Syst
em a
re b
eing
poll
uted
from
land
drai
nage
.
Furt
her
info
rmat
ion
need
s to
be
dev
elo
ped
to
def
ine
the
ext
ent
, c
aus
es
and
loc
ali
tie
s i
n w
hic
h p
oll
uti
on
is
tak
ing
pla
ce,
and
to
def
ine
the
mos
t p
rac
tic
al
rem
edi
al
mea
sur
es.
The
ite
ms
lis
ted
bel
ow
are
a s
tat
eme
nt
of
PLU
ARG
obj
ect
ive
s w
ith
in
the
con
tex
t
of
Gro
up
1 d
isc
uss
ion
s,
and
nec
ess
ary
to
ans
wer
the
que
sti
ons
pos
ed
in
the
PLUARG Terms of Reference:
(1)
Esti
mate
con
tem
por
ary
fluv
ial
load
ings
of
sed
ime
nt—
rel
ate
d
nutrients and contaminants into the Great Lakes.
(2)
Ass
ess
lan
d u
se
and
ass
oci
ate
d l
oad
ing
s i
nto
the
Gre
at
Lak
es
in the light of alternative management strategies.
(3)
Pred
ict
tren
ds
of
load
ings
rel
ati
ons
hip
s i
nto
the
futu
re
unde
r
different management strategies.
(4)
Rec
omm
end
lan
d u
se
pra
cti
ces
(re
med
ial
mea
sur
es)
in
ord
er
to
red
uce
or
eli
min
ate
sig
nif
ica
nt
con
tam
ina
nt
and
pol
lut
ant
loadings.
It
shou
ld
be
note
d t
hat
the
Phy
sic
al
Pro
ces
ses
grou
p a
ddr
ess
ed
the
que
sti
ons
of
sou
rce
s o
f p
oll
uta
nts
fro
m l
and
use
act
ivi
tie
s a
nd
the
tran
spor
t a
nd
res
ult
ant
load
ings
to
the
Grea
t La
kes;
it
did
not
add
res
s t
he
ques
tion
s o
f i
mpac
t a
naly
sis
on
the
Grea
t L
akes
or
the
pro
ces
ses
and
fate
of
sedi
ment
in
lake
—riv
er
int
erf
ace
area
s s
uch
as
estu
arie
s.
SOURCES
The
dis
cus
sio
n o
f l
and
use
pra
cti
ce
and
sedi
ment
prod
ucti
on,
sedi
ment
con
tro
l a
nd
con
seq
uen
t s
tre
am
load
ings
of
sed
ime
nt-
rel
ate
d q
ual
ity
par
ame
ter
s (
in u
pst
rea
m a
reas
) c
ent
ere
d o
n t
he
eff
ica
cy
of
det
ail
ed
site
and
tim
e—s
pec
ifi
c c
aus
e-e
ffe
ct
stud
ies
as
opp
ose
d t
o a
mor
e g
ene
ral
mod
e a
ppr
oac
h
in w
hich
stre
am l
oadi
ngs
eith
er a
t so
urce
of s
trea
m te
rmin
us a
re r
egar
ded
as
func
tion
s of
clas
ses
of l
and
use
prac
tice
s (
eith
er w
ithi
n a
dete
rmin
isti
c or
sta
tis
tic
al
fram
ewor
k).
In v
iew
of
the
time
fram
e f
or
PLUA
RG,
ther
e wa
s a
cons
ensu
s t
hat
such
mode
ls,
whic
h a
deq
uat
ely
perm
it
a "f
irs
t—c
ut"
at
lan
duse
-
load
ings
rela
tion
ship
s in
time
and
spac
e ou
ght
to b
e tr
ied.
It w
as f
elt
that
within the timeframe of PLUARG, deterministic process linkages between lake
load
ings
and
sit
e-s
pec
ifi
c l
and
use
pra
cti
ces
ups
tre
am
coul
d n
ot
be m
ade
in
deta
il
for
reas
ons
note
d be
low.
Ther
efor
e,
exi
sti
ng
mod
els
are
the
pla
ce
to
star
t si
nce
they
have
prod
uced
usef
ul i
nfor
mati
on i
n pa
rts
of t
he U
nite
d St
ates
for
gene
ral
cate
gori
es o
f la
nd u
se.
Such
mode
ls a
re l
ikel
y ad
equa
te i
n th
e
shor
t-te
rm f
or P
LUAR
G pu
rpos
es,
but
need
to b
e ca
libr
ated
with
data
from
the
Grea
t La
kes
Basi
n.
Alth
ough
such
mode
ls m
ay n
ot h
ave
a hi
gh l
evel
of r
esol
utio
n
for
all
trib
utar
y ba
sins
in t
he G
reat
Lake
s wh
en p
roje
cted
down
stre
am t
o
lake
boun
dari
es,
they
prov
ide
a fo
cus
for
the
expe
rime
ntal
and
fluv
ial
proc
ess
rese
arch
requ
ired
to o
btai
n im
prov
ed r
elat
ions
hips
betw
een
land
use
acti
viti
es
and lake loadings.
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TRANSPORT
The major deficiency both of existing landuse-loadings models
and of site specific process-response studies of sediment production by
specific land use practice, is the inability to link upstream or source
water quality observations with river mouth loadings.
Although the prin—
ciples of sediment transport mechanics are well known, the downstream
movement and modification of sediment-related water quality variables are
poorly understood.
It is recognized that load modification is not only
related to physical processes but also includes biological and chemical
interactions.
In addition to poorly understood biochemical processes, it
is recognized that contemporary data are inadequate to meet the needs of
instream process research. These data inadequacies pertain both to poor
characterization of variables (e.g., particle—size, inorganic/organic
ratio, speciation of key components, aerosol input, etc.) and to lack of
definition of spatial and temporal variations associatedwith parameter
flux and with in—stream processes (such as sediment storage—remobilization
mechanisms, time of travel of particle—size classes, short (anthropogenic)
and long—term (climatic) variations in sediment flux and storage, etc.).
It is recognized that these inadequacies must be investigated in order that
extrapolation from loadings in source areas to loadings at river mouths
reflects stream process both in space and in time as the watershed undergoes
natural and anthropogenic perturbations.
DATA
Routine data on water quality and quantity have been collected for
at least a decade on both sides of the Lakes, and therefore a special effort
must be made to assess adequacy of historical data and to fully utilize them
within limits established by the assessment precedure. In conjunction with
the PLUARG (intensive and event—oriented) supplementary data collection,
there is need to examine historical and PLUARG data and collection procedures
for the purpose of:
(l) assessing the loads and the accuracy of load estimates for
sediment, pollutants and contaminants at river mouths (bearing
in mind the often non-linear discharge dependencies illustrated
by many variables);
(2) identifying the watersheds which have a major and deleterious
effect upon Great Lakes water quality;
(3) evaluating sampling technique, in terms of depth and flow de—
pendencies of problem substances, for identification of temporal
variation in load and the degree to which these data are site
dependent;
(4) updating parameter lists to indicate those recently identified
as either having a deleterious environmental effect or containing
information bearing upon in—stream process mechanisms (e.g., I
particle—size, organic/inorganic, metal speciation); }
(5) evaluating sampling network design so that in—stream load mod—
ification from source to mouth may be inferredand the spatial
and temporal resolution of loads and source-area contributions
may be identified.
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 RECOWWENDATIONS AND RESEARCH NEEDS
In
Vie
w
of
the
lac
k
of
fa
mi
li
ar
it
y
of
ma
ny
of
the
wo
rk
sh
op
par
-
tic
ipa
nts
wit
h
the
ope
rat
ion
al
org
ani
zat
ion
of
PLU
ARG
,
rec
omm
end
ati
ons
and
res
ear
ch
nee
ds
are
sta
ted
on
gen
era
l
sci
ent
ifi
c
gro
und
s.
Although
rec
omm
end
ati
ons
may
not
app
ly
equ
all
y
to
U.S
.
or
Can
adi
an
act
ivi
tie
s,
res
ear
ch
nee
ds
ref
lec
t
ina
deq
uac
ies
of
sta
te-
of—
art
.
Feasibility of re—
com
men
dat
ion
s
and
res
ear
ch
nee
ds
mus
t
be
det
erm
ine
d
by
PLU
ARG
and
the
Research Advisory Board.
Recommendations:
(1)
(2)
(3)
(4)
(5)
(6)
Usi
ng
riv
er
mou
th
loa
ds,
ide
nti
fy
all
str
eam
s
tha
t
dis
cha
rge
sig
nif
ica
nt
loa
ds
to
the
Gre
at
Lak
es.
Of
tho
se
str
eam
s t
hat
are
imp
ort
ant
,
con
duc
t
sur
vey
s
fro
m t
he
mou
th
(up
str
eam
) t
o i
den
tif
y
maj
or
pro
ble
m i
npu
t s
our
ces
.
The
col
lec
tiv
e w
isd
om
is
tha
t m
ost
ser
iou
s p
rob
lem
s a
t t
he
mou
th
wil
l
rel
ate
to
pro
ble
m a
rea
s n
ot
far
ups
tre
am.
In
suc
h
cas
es,
man
age
men
t
sce
nar
ios
(al
ter
nat
ive
rem
edi
al
mea
sur
es)
sho
uld
be
inv
est
iga
ted
.
Com
par
e
str
eam
(aq
uat
ic)
loa
din
g
to
oth
er
sou
rce
s
so
you
kno
w h
ow
imp
ort
ant
(re
lat
ive
ly)
the
str
eam
loa
din
g c
omp
one
nt
is.
Ass
ess
ade
qua
cy
and
app
lic
abi
lit
y o
f e
xis
tin
g d
ata
.
Thi
s s
hou
ld
inc
lud
e a
n a
sse
ssm
ent
of
var
iab
les
and
of
the
eff
ica
cy
of
pre
sen
t
dat
a c
oll
ect
ion
str
ate
gie
s f
or
the
ir
abi
lit
y
to
res
olv
e
spa
tia
l a
nd
tem
por
al
tre
nds
in
loa
din
gs
at
sou
rce
and
mou
th.
Thi
s
rec
omm
end
ati
on
doe
s n
ot
nec
ess
ari
ly
imp
ly
"mo
re"
dat
a c
oll
ect
ion
but
rat
her
"be
tte
r"
dat
a
col
lec
tio
n.
Nec
ess
ary
cha
nge
s
sho
uld
be
imp
lem
ent
ed
to
cor
rec
t
data deficiencies.
App
ly
exi
sti
ng
sed
ime
nt—
loa
din
gs
mod
els
bot
h
to
ass
ess
sed
ime
nt—
pro
duc
tio
n a
t s
our
ce,
and
in
ord
er
to
der
ive
upp
er—
bou
nd
val
ues
for
str
eam
—mo
uth
loa
din
gs
by
ext
rap
ola
tio
n o
ver
lar
ge
are
as.
Ide
nti
fy
and
ran
k p
res
ent
man
age
men
t s
tra
teg
ies
whi
ch
foc
us
upo
n
maj
or
sou
rce
s.
Mod
els
sho
uld
be
use
d t
o e
val
uat
e p
rob
abl
e e
ffe
cts
of
alt
ern
ati
ve
man
age
men
t c
hoi
ces
.
(Th
e t
erm
mod
els
, d
oes
not
nec
ess
ari
ly
imp
ly
com
put
er
pro
gra
ms.
It
may
be
sim
ple
emp
iri
cal
for
mul
ae
— a
lth
oug
h c
omp
ute
r
mod
els
are
ava
ila
ble
and
wou
ld
be
useful).
Ini
tia
te
pre
lim
ina
ry
fie
ld
stu
die
s o
f d
own
str
eam
tra
nsp
ort
mec
han
ism
s
and
loa
d m
odi
fic
ati
ons
of
bot
h a
phy
sic
al
and
che
mic
al
nat
ure
in
sma
ll,
rel
ati
vel
y s
imp
le
cat
chm
ent
s w
ith
tra
nsp
osi
tio
n
to
sel
ect
ed
Typ
e
catchments of greater complexity.
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(1)
(2)
(3)
 
Research Needs:
Study
of
erosion
and
sediment
transfer
mechanisms
in
source
areas
with
respect
to
general
principles
and
their
spatial
and
temporal
significance.
This
should
include
consideration
of
"partial
area
hydrology"
insofar
as
it
relates
to
probable
source
areas
of
sediment.
Establish
causal
mechanisms
for
changes
in
sediment
quality
and
quantity
during
stream
transport
in
complex
stream
systems.
This
should
include
fundamental
research
into
the
physical,
biological
and
chemical
process
mechanisms.
Such
data
are
required
to
improve
present
landuse—loadings
models
to
that
the
effect
of
upstream
management
alternatives
can
be
assessed
in
terms
of
loadings
to
the
Great Lakes.
Develop
and
apply
improved
models
to
all
tributary
basins
in
which
significant
loadings
problems
exist
to
facilitate
trade—off
analyses
of
alternative
remedial
measures.
Such
application
should
include
research
developments
from
#1
and
#2
above.
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 NUTRIENTS WORK GROUP
RESEARCH NEEDS RECOMENDATIONS
(l)
(2)
(3)
(4)
Much
moreeffort
should
be
spent
on
methods
to
evaluate
the
biological
availability
of
the
phosphorus
entering
the
lakes
from
the
tributaries.
A
special
group
should
be
set
up
to
concentrate on this aspect.
The
kinetics
of
removal
of
phosphorus
from
the
water
to
the
stream
and
river
sediments
should
be
studied
in
greater
detail.
The
parameters
of
riverine
storage
of
phosphorus
should
be
investigated in detail.
Based
on
(2)
and
(3)
a
weighting
system
should
be
devised
for
the
various
tributary
sources
of
phosphorus.
IWMEDIATE
RECOWENDATIONS
FOR
PLUARG
(l)
(2)
(3)
Characterize
all
pilot
watersheds
for
spatial
variability
and
attempt
to
relate
this
to
measured
nutrient
output
based
on
partial area hydrology models.
The
compatibility
of
various
goals
should
be
investigated,
i.e.
is
it
better
to slow
erosion
to
control
pesticide
transport,
or
to
allow
it
to continue
to
aid
in
phosphorus
de—activation.
One must
recognize the
divers
nature of
the
Great Lakes
area.
Recommendations
for
control must be made on
an almost site
specific basis.
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 PESTICIDES WORK GROUP
RESEARCH NEEDS RECOWENDATIONS
(1)
It is essential for the regulatory and other agencies in Canada
and the United States to know precisely the location,
names and
quantities of organic substances being used which may be hazardous
to
the
biota of
the Great
Lakes Basin wherever
that biota
is
of
economic or
peripheral
importance.
Such knowledge
is essential
to
establish
research priorities
and
for
current and
future
surveillance.
(2)
A need
exists
to select
and
develop
standard
techniques
and
criteria to evaluate
the toxic effects of substances on biota
of the greatest importance to the Great Lakes Basin ecosystem.
This will ensure
that criteria for all substances in use or
developed for the future are assessed using the same criteria
and at levels likely to be found in the environment.
(3)
There is a need to document the case histories of such substances
as DDT and PCBs to ensure that mechanisms and transfers as well
as past analyses are thoroughly understood in order to develop
predictive models for substances of similar nature, but yet to be
developed or used.
There is little likelihood that any substances
will be as thoroughly studied and documented as the major pesticides
and derived products used since 1940. The knowledge concerning these
should be so firmly corroborated in respect to fluvial, point source
and aerial inputs and transformations that all future studies can
use the approaches or findings to extrapolate effects before crisis
develop.
(4) There is a need for more information on the relative importance
of the various routes by which organic contaminants enter into the
Great Lakes Basin ecosystem. This information is needed before
recommendations relating to land use can be seriously considered.
(5) The question of open-water disposal of dredged sediments was
raised but appears to be adequately covered by the report from
the International Working Group on the Abatement and Control of
Pollution from Dredging Activities.
 
  
(l)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
 
METALS WORK GROUP
RESEARCH
NEEDS
RECOWENDATIONS
The need to investigate:
The
biological
availability
of
metals
in
uplands,
streams,
lakes,
and
estuaries
under
various
environmental
conditions
i.e., pH, Eh, etc;
The
various
release
mechanisms
available
for
metals
entrained
with
organic
and
inorganic
sediments
in
uplands,
ground—waters,
streams and lakes;
The
metal
concentrations
and
types
associated
with
various
size
fractions
of
organic
and
inorganic
sediments
and
their
chemical
and/or
mineralogical
composition;
Whether
metals
are
tied
to
sediment
sizes
most
difficult
to
control
using
conventional
and
existing
soil
erosion
and
sediment
control procedures;
Whether
sediment
erosion
and
control
practices
used
in
agriculture,
urban
areas,
mining,
construction
and
related
land
uses
are
adequate
to
retain
these
finer—grain
sizes.
If
not,
what
new
technology
may
be
applied
for
their
control;
The
probable
costs
of
these
control
measures
and
their
benefits
not
only
with
metals
but
other
entrained
pollutants,
i.e.
N,
P,
pesticides, etc.;
The
processes
of
chemical
fractionation
of
metals.
These
processes
may
influence
metal
occurrence,
transport
and
bioavailability.
Chemical
fractionation
must
be
coupled
to
metal
release
mechanisms
to
predict
resulting
concentrations
of
metals
in
aqueous
systems;
The
organic
species
(plants,
animals,
etc.)
that
tie
up
metals
that
might,
in
turn,
be
converted
to
the
elemental
form
of
the
metal;
The
toxicity
levels
of
metals
and
complexed
metals
to
various
aquatic
plants,
animals
and
segments
of
food
chains;
The
kinetics
of
metal
complexes
as
these
kinetics
will
shed
light
on
metal
speciation
and
metal
behaviour
within
aqueous
systems.
The
ionic
strengths
of
metal
complexes
are
influenced
by
salinity
and
other
factors
that
must
be
defined.
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